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PROGRAMMED  LOAD  FATIGUE  TESTS  ON  NOTCHED  AND  WELDED  SPECIMENS  OF  A!:Zn:Mg  ALLOY 


By  J.O.  HARRISON  and  7.R.  GURNEY * 
It 

—  K 


^UMMARY 

The  report  describes  constant  amplitude  and  programmed 
load  fatigue  tests  on  notched  and  welded  specimens  in  two 
high  strength  aluminium -line -magnesium  alloys.  It  is 
shown  that,  with  very  few  exceptions.  the  Miner-Palmgren 

B 

V.N  hypothesis  that  £~  ‘*-.1  consistently  underestimates  life. 
For  the  notched  specimens  using  the  basic  quadratic  pro- 

JX 

gramme  £-  varied  from  0.8  to  14.8.  For  welded  sped- 
N 

n 

mens  using  the  same  programme  the  value  of? Z~  varied 

N 

much  less  and  was  approximately  2.6  to  7.0  for  pulsating 
tension  loading.  Changes  in  the  order  of  application  of 
programme  blochs  had  a  negligible  effect  on  the  values  of 
I  n 

;£—  obtained.  However,  both  far  half  tensile  and  for  alter- 
N 

n 

nating  loading,  lower  values  of  £—  were  obtained. 

When  a  spectrum  parallel  to  the  constant  amplitude 

S-N  curve  was  used  high  values  of  £-^  -were  obtained, 

except  when  the  lowest  stresses  in  the  programme  were 
omitted.  This  f  act  led  to  the  belief  that  a  possible  reason 

for  the  high  values  of  £-^is  coaxing  at  the  lowest  stress 

level*  in  the  programme. 


1.  INTRODUCTION  / 

In  the  design  of  military  bridges  it  is  of  prime  importance 
to  save  weight,  since  such  bribes  must  be  capable  of  being 
transported  easily  and  erected  rapidly.  Thus  the  relatively 
high  static  strength  to  weight  ratio  of  weldable  aluminium- 
zinc-magnesium  alloys  makes  them  attractive  materials  for 
the  fabrication  of  military  bridges.  Under  military  con¬ 
ditions,  although  the  problem  of  fatigue  exists,  a  finite  life 
is  often  acceptable  so  that,  by  using  high  strength 
materials,  high  design  stresses  can  be  employed  and  there¬ 
by  weight  can  be  saved.  However,  when  military  bridges 
are  used  for  civilian  purposes  the  problem  of  fatigue  may 
become  acute,  since  they  may  then  be  in  use  for  sufficient 
periods  to  suffer  a  large  number  of  stress  cycles. 

The  stress  at  any  given  point  in  a  structure  under  service 
loading  conditions  usually  varies  in  a  more  or  less  random 
manner.  In  the  case  of  a  road  bridge  it  will  be  a  function 

*  The  authors  are  with  The  Welding  Institute,  Abington 
Hall,  Cambridge, 


of  the  weights  of  vehicles  crossing  the  bridge,  which  can 
obviously  vary  widely  bach  in  magnitude  and  in  the  order  of 
occurence  of  heavy  2nd  light  vehicles. 

Although  many  methods  have  been  suggested  for  esti¬ 
mating  service  life  under  mixed  loading  conditions  L2  the 
simplest,  and  the  most  widely  used,  is  die  Palmgren- Miner 
cumulative  damage  rule,  which  relates  the  life  under 
random  loading  conditions  to  the  normal  constant  amplitude 
S-N  ctwe.  This  rule  is  based  on  the  assumption  that  if  a 
structure  is  subjected  to  n^  cycles  of  stress  Sj,  under  which 
the  expected  life  to  failure  is  Nj.  then  the  cycle  ratio 
nl 

—  is  a  measure  of  the  fatigue  life  exhausted  at  that  stress. 
Nl 

The  linear  cumulative  damage  rule  then  states  that,  under 
a  spectrum  of  stresses,  failure  will  occur  when: 


N1  +N2 


1 

+  s;  =en  ■ 1 


It  it  well  known  that  this  rule  is  not  accurate  under  all  con¬ 
ditions,  and  in  fact  values  of  the  cumulative  cycle  ratio 

(£^)  extending  from  at  least  0.0033  to  more  than  30  have 

4 

been  reported  in  the  literatwe  .  However  much  of  the  data 
has  been  obtained  in  simple  two  level  tests  on  plain  and 
notched  specimens  and  is  not  therefore  of  great  value  in 
providing  guidance  for  designers.  Nevertheless  these  tests 
have  indicated  some  of  the  important  variables  in  the  pro¬ 
blem  of  cumulative  damage  which  are  not  accounted  for 
by  the  linear  cumulative  damage  rule.  In  particular  it 
should  be  noted  that  the  rule  assumes  that  stresses  below  the 
so  called  fatigue  limit  of  the  particular  detail  under  con- 

n 

siaeration  do  no  damage  (i.e.  since  N  =  »  ,  —  =0),  and 

also  that  the  rule  takes  no  account  of  the  chronological 
sequence  in  which  the  stresses  are  applied.  these 
assumptions  are  incorrect*. 

As  far  as  welded  joints  are  concerned  relatively  little 
experimental  evidence  is  so  far  available,  but  most  of  it  is 
encouraging  in  that  the  cumulative  cycle  ratios  obtained 
have  usually  been  greater  than  1.0.  Thus  in  three  investi¬ 
gations  ^  in  which  fillet  welded  joints  in  steel  have 
been  subjected  to  a  pulsating  tension  quadratic  spectrum, 
the  value  of  the  c  'initiative  cycle  ratio  has  been  found  to 
vary  between  about  0.9  and  2,9  (it  should  be  noted  that 
only  one  specimen  gave  a  value  less  than  1.0).  Tests  on 
transverse  butt  welds  in  steel  subjected  to  a  half  tensile 
sinusoidal  programme  also  gave  values  greater  than  1.0. 
Nevertheless,  although  these  results  are  encouraging,  it 
will  be  appreciated  that  they  are  very  limited,  not  only  in 


1 


numbers  but  also  in  scope.  Fnr  example,  they  were  all 
obtained  with  steel  specimens  under  pircly  tensile  loading. 

The  objective  o f  the  investigation  reported  below  was 
to  provide  further  information  about  the  fatigue  strength, 
under  cumulative  damage  conditions,  of  welded  joints  in 
an  aluminiunwinc- magnesium  alloy  and  particularly  to 
investigate  the  effect  of  the  stress  ratio  of  the  applied 
stresses  and  the  chronological  sequence  of  the  high  and  low 
stresses  in  the  programme.  In  order  to  provide  a  basis  for 
calculating  the  cumulative  cycle  ratio  the  investigation 
also  involved  carrying  out  fatigue  tests  under  constant 
amplitude  loading.  The  effect  of  welding  per  se  was 
investigated  by  carrying  out  comparative  tests  on  notched 
and  welded  specimens. 

2.  TEST  SPECIMENS 

2.1,  Material 

In  the  course  of  the  investigation  two  materials  have  been 
used.  All  the  early  work  was  carried  out  using  material 
manufactured  to  the  Alcan  specification  D74S  GB.  How¬ 
ever,  when  it  was  found  that  stress  corrosion  cracking  pro¬ 
blems  occurred  with  this  alloy,  subsequent  work  was  carried 
out  on  material  to  High  Duty  Alloys  specification  H48. 

Both  materials  were  supplied  in  the  form  of  5  in.  x 
3/8  in.  and  1 J  in.  x  5/16  in.  extrusions  with  1/32  in. 
radii  on  the  corners.  The  5  in.  x  3/8  in.  D74S  material 
came  in  two  batches  and  there  was  some  variation  from 
batch  to  batch  in  chemical  analysis  and  mechanical  pro¬ 
perties.  The  1  j  in.  x  5/16  in.  D74S  material  came  in 
three  batches  but  was  much  less  variable,  having  an  identi¬ 
cal  analysis  in  all  three  batches  and  only  slight  variation 
in  mechanical  properties.  The  properties  of  the  H48 
material  were  somewhat  better  than  those  of  the  D74S 
material. 

The  chemical  analysis  of  each  batch  of  D74S  material 
and  of  the  H48  ma'.e-iel  is  shown  in  Table  1.  Table  2 
gives  details  of  the  mechanical  properties  of  both  batches 
of  the  5  in.  x  3/8  in.  D74S  material  and  of  the  5  in.  x 
3/8  in.  H48  material,  but  only  the  range  of  results  for  the 
1 J  in.  x  S/16  in.  D74S  extrusions.  Also  shown  in  Table  1 
and  2  are  3WRA  check  test  and  analysis  for  D74S,  the 
results  of  which  seem  to  be  in  fair  agreement  with  the 
manufacturers'  figures.  Table  3  gives  details  of  the  heat 
treatment  used. 

The  SIGMA  welds  in  the  D74S  and  H48  materials  were 
made  with  1/16  in.  dia.  A1.5%.Mg  wire  to  NG6  and  NG61 
specifications  respectively. 

2.2,  Specimen  form  and  manufacture 

Details  of  the  notched  and  welded  specimens  are  shown  in 
Fig.  la  and  lb  respectively.  In  the  former  the  central 
notch,  which  consisted  to  two  adjacent  1/8  in.  diameter 
drilled  holes  with  two  1/16  in.  diameter  holes  forming  a 
transverse  slit,  gave  a  theoretical  stress  concentration 
factor  of  4.5.  The  intention  was  that  the  notch  should  give 
approximately  the  same  fatigue  behaviour  as  the  non-load- 
carryin?  fillet  welded  detail  used  for  the  welded  specimens, 


and  the  notch  indicated  above  was  arrived  at  after  some 
experimentation.  It  will  be  seen  later  that,  although  the 
slopes  of  the  S-N  curves  for  the  welded  and  notched  speci¬ 
mens  were  very  different,  their  fatigue  strength  under  pul¬ 
sating  tension  loading  were  approximately  the  same  in  the 
region  of  2-3  x  10s  cycles. 

The  choice  of  the  form  of  welded  specimen  used  in  this 
work  was  based  on  two  considerations.  In  the  first  place 
such  specimens  are  known  to  give  relatively  little  scatter  it 
fatigue  test  results  and  they  are  therefore  convenient  from 
the  experimental  point  of  view.  Secondly,  it  is  very  diffi¬ 
cult  to  avoid  the  use  of  non-  load-carrying  fillet  welds  in 
structiral  design  and  therefore  the  results  obtained  were 
likely  to  be  of  considerable  use  for  design  purposes. 

The  welded  specimens  were  made  using  the  SIGMA 
process.  Owing  to  the  high  rate  of  deposition  which  this 
process  involves  it  was  not  easy  to  obtain  a  uniform  profile 
at  the  ends  of  the  gussets.  After  some  trials  the  method 
adopted,  which  produced  the  most  uniform  result' ,  was  to 
place  sljct  runs  around  the  ends  of  the  gussets  first,  filling 
in  between  these  runs  subsequently.  In  this  way  there  were 
no  stop/start  positions  in  the  area  of  fatigue  crack  initiation. 
All  welds  were  made  in  the  downhand  position.  The  full 
welding  sequence  is  shown  in  Fig.  lb.  Except  where  other¬ 
wise  stated  the  welded  specimens  were  aged  at  room  tem¬ 
perature  for  6  *  1  weeks  prior  to  testing. 

3.  METHOD  OF  TESTING 


The  majority  of  the  constant  amplitude  fatigue  tests  were 
carried  out  in  a  40  ton  Losenhausen  hydraulic  testing  machine 
at  speeds  between  333  and  1000  c/min.  A  small  number  of 
the  constant  amplitude  tests  were  carried  out  in  an  Amsler 
Vibrophore  at  approximately  13000  c/min.  The  programmed 
tests  were  all  carried  out  at  testing  speeds  of  from  333  to 
666  c/min  in  a  40  ton  Losenhausen  machine  which  had  been 
modified  to  permit  it  to  be  used  for  programmed  tests. 

The  criterion  of  failure  throughout  the  investigation  was 
taken  as  complete  rupture  of  the  specimen. 

The  method  of  carrying  out  the  programmed  tests  on  the 
two  materials  was  slightly  different.  In  the  case  of  the 
D74S  material  each  test  specimen  in  a  particular  series  was 
tested  with  the  same  constant  value  of  SJnjn.  (the  minimum 
stress  in  the  cycle),  only  Sni3X  being  varied.  However  the 
tests  on  the  H48  material  were  made  in  such  a  way  that  each 
series  was  tested  at  a  particular  stress  ratio,  S  niax* 

The  constant  amplitude  tests  were  carried  out  in  the 
same  way  as  the  programmed  tests  in  order  to  provide  data 
that  was  directly  applicable  to  the  analysis  of  the  program¬ 
med  test  results.  Thus  the  tests  on  D74S  materia)  ■  -ere 
made  such  that  SmjK  for  each  series  was  constant.  The 
relevant  values  of  Smjn  were  chosen  so  as  to  give  values 

s  • 

of  - -  for  failure  at  2  x  !0b  cycles  of  approximately 

®max 

0.5,  0and-l,  The  resulting  values  of  Sn  jn  were  t2.5,  0 
and  -2.0  tonf/in^  respectively  for  the  notched  specimens 
and  +1.75,  0  and  -1.25  tonf/in^  for  the  welded  specimen:. 
The  same  values  of  Sn)jn  were  used  in  the  correspond! tic 
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programmed  tests.  Honeitr,  for  H48  material  S-N  cents 

ewe  tsablafctd  with  - - -  R  =  +  0,5,  OiW  -1. 

'‘wax 

The  ycata  of  swats  td  for  bok  of  the  fwgrwBeri 
tests  eras  based  oa  a  qesdniic  datriMoe  liaflir  d  that 
seed  by  WUtaas  is!  Alder  ®.  Huetitt.  xa  view  ef  6t 
rather  her  ratio  of  coeattac  amyl  trade  eadaraace  limit  loess 
to  proof  sons  of  the  material,  it  was  towfari  that  loads 
which  were  only  IDS  of  the  maxima:  load  might  bee  a 
significant  effect  a  ad  the  programme  eras  modified  to  ia- 
corporate  neb  loads.  Tie  oaadratic  dtenaioe  o«  which 
tbe  spectrum  ares  based  eras  a  =  l.tS  (100  -  If*,  where  a  is 
the  number  of  cycles  at  L*  of  Use  aariasn  kxad.  This 
distribution  Is  shewn  it  Fig.  2. 

The  basic  programme  ‘.Programme  1)  foanded  oa  this 
spectrum  is  shows  in  Fig.3.  It  was  designed  to  introdace 
some  degree  of  randomness  into  the  order  of  application  of 
the  loads.  It  still  be  seen  that  in  each  programme  block  of 
40000  cycles  there  were  two  peaks  of  SDK  aad  three  peaks 
of  'single*  100%  loads.  The  load  built  up  rapidly  Isom  10% 
to  the  first  !00S  peak  and  fell  rapidly  to  10%  bom  the  third 
100%  peek,  the  atttt  rises  Jed  falls  cccwriag  mare  slowly. 

In  the  ooense  of  tbe  investigation  of  the  effect  of  the 
chronological  sequence  in  which  tbe  loads  were  applied  a 
number  of  vaiia tjons  of  the  basic  programme  were  used  and 
these  are  shown  in  Fig.  4.  They  were  as  follow 
Programme  2-  This  programme  was  essentially  the  same  as 
Programme  1,  in  so  far  as  each  programme 
block  contained  S  peaks,  bet  the  stress  rose 
slowly  to  each  peak  and  fell  away  rapidly. 
Programme  x  For  all  practical  purposes  this  programme  is 
the  same  as  Programme  2,  but  with  tbe  loads 
applied  in  tbe  reverse  order  so  that  the  stress 
rose  rapidly  to  each  peak  and  fell  away 
slowly. 

Programme  4:  In  this  programme  there  was  only  one  peak 
in  each  block,  the  stress  rising  dheedyfrom 
tbe  10%  level  to  tbe  100%  level  without  any 
intervening  cycles  and  then  fell  away  slowly 
from  the  peak.  In  order  to  keep  the  total 
number  of  cycles  the  same  the  peak  con¬ 
sisted  of  three  cycles  at  the  100%  level. 
Programme  5:  This  was  identical  to  Programme  4,  but  in 
the  reverse  order,  the  stress  rising  slowly  to 
the  100%  level  and  then  falling  directly  to 
the  10%  level. 

It  should  be  noted  that  in  each  of  these  programmes  Use 
numb'T  of  cycles  at  a  particular  stress  level  was  the  same. 
The  reasons  for  the  choice  of  these  particular  programmes 
are  included  in  the  general  discussion  of  the  test  results. 

In  the  work  on  H48  material  all  the  test*  were  carried 
out  at  fixed  values  of  sues  ratio.  As  a  result,  some  of  the 
programmes  representing  a  quadratic  sires  spectrum  were, 
at  first  sight,  of  curious  shape.  For  example  Fig.  5a  shows 
the  original  Programme  1  for  half  tensile  loading.  In 
addition  some  tests  were  carried  out  with  programmes  which 
were  fundamentally  different  to  chat  representing  a  quad¬ 
ratic  spectrum.  The  first  of  these  (Programme  6) represented 


Level 

No.  of  cycles  is  programme  block 

100% 

2 

90% 

3 

SC* 

5 

70% 

8 

<0% 

15 

50% 

?3 

40% 

64 

30% 

181 

20% 

768 

10% 

S91j 

a  spectrum  which  was  approximately  parallel  so  the  con¬ 
stant  amplitude  S-X  curve.  The  programme  was  sym¬ 
metrical  about  a  single  100%  peak  and  contained  tbe 
following  number*  of  cycles  at  the  various  load  levels.  Each 
programme  block  ccataiaed  approximately  10000  cycles. 

This  programme  is  not  exactly  parallel  to  the  constant 
amplitude  S-K  curve  owing  both  to  limitations  on  the 
umber  or  cycles  which  could  be  ret  on  the  testing  machine 
and  to  tbe  fact  that  tbe  number  of  cycles  at  each  stress 
level  must  be  an  integer.  Thus,  at  tbe  higher  stresses, 
changes  of  one  cycle  have  a  larger  percentage  effect. 

la  Programme  7-10  one  or  two  of  these  load  levels 
were  omitted  as  follows: 

Programme  7  -  100%  load  level  omitted 
Programme  8  -  100%  amd  90%  load  levels  emitted 
Programme  9  -  10%  load  level  omitted 
Programme  10  -  19%  and  20%  bid  levels  omitted 
Also  is  the  work  oa  H48  material  a  randomised  form  of 
programme  1  was  used.  This  programme  (Programme  11) 
is  illustrated  in  rig.  5b.  Tbe  degree  of  randomness  was 
limited  by  the  feet  that  the  programme  only  allowed  for 
52  programme  blocks.  After  some  thought  it  was  decided 
that  the  simplest  way  to  produce  a  randomised  programme 
was  to  write  the  details  of  each  programme  block  from 
Programme  1  oa  a  piece  of  paper  and  to  draw  these  from 
a  hatl  The  resulting  programme  is  illtistratsd  in  Fig.  5b. 

A  typical  strain  record  from  a  strain  gauge  mounted  on 
a  specimen  is  shown  in  Fig.  6.  It  shews  port  of  programme 
1,  where  the  load  is  increasing  rapidly  from  10  to  100%. 

It  will  be  noted  tha*  the ‘single*  100%  load  has  associated 
with  it  a  number  of  smaller  loads,  tbe  largest  of  which  is 
somewhat  less  than  90%.  These  smaller  loads  have  been 
ignored  in  the  analysis  of  tbe  results.  It  will  also  be  seen 
that  the  blocks  of  constant  amplitude  stress  were  separated 
by  periods  dining  which  the  cyclic  stress  was  maintained  at 
a  negligible  level,  these  corresponding  to  the  periods  when 
the  pulsator  of  the  testing  machine  was  moving  to  its  new 
position  for  the  next  stress  level. 

4.  TEST  PROGRAMME 

The  following  test  programme  was  carried  out: 

4.1.  P74S  GB  Material 
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a)  Three  co stoat  amplitude  S-N  cmei  were  obtained  for 

notched  jMcinwm,  the  values  of  minimum  stress  fcr 
’  2 
the  three  curves  being  -2,  0  and  +2.5  tonf/ic  - 

b)  Three  programmed  load  S-N'  curves  were  obtained  for 
notched  specimens,  using  the  basic  stress  programme 
(Program  X  i)  at  the  same  values  of  mini  mum  stress  as 
were  used  for  the  constant  amplitude  tests. 

cl  Three  constant  amplitude  S-N  curves  were  obtained  for 
welded  specimens,  the  minimum  stress  in  this  case  being 
-s.25,  0  and -1.75  tonf/ic2. 

d)  Three  programmed  load  S-N  curves  were  obtained  for  the 
welded  specimens  using  Programme  !  at  the  same  values 
of  minimum  stress  as  were  used  in  the  constant  ampli¬ 
tude  tests. 

e)  in  order  to  examine  the  effect  of  varying  the  order  of 
the  loads  within  the  programme,  tests  were  carried  out 
on  welded  specimens  using  Programme*  2-5  with 
Smin  =  0. 

4.2.  H4S  material 

a)  Three  constant  amplitude  S-N  curves  were  obtained  for 

welded  specimens,  the  ratios  _  =  R  being  -l,  0 

*mar. 

and  +  ■'  . 

b)  Two  programmed  load  S-N  curves  were  obtained  for 
welded  specimens  with  R  =  -1  and  +  0.5  using  Programme 
1.  In  addition  a  small  number  of  programmed  tests 
were  earned  out  on  welded  specimens  using  the  same 
programme  but  with  R  =  0. 

c)  In  order  Co  study  further  the  effect  of  varying  the  order 
of  the  loads  within  a  programme,  tests  were  carried  out 
using  a  randomised  programme  (Programme  1 1)  with 

R  =0. 

d)  In  order  to  study  the  effect  of  the  highest  end  lowest 
load  levels,  a  programme  based  on  a  spectrum  parallel 
to  the  constant  amplitude  S-N  curve  was  used.  The  basic 
programme  here  (P-  (gramme  6)  had  10  load  levels  from 
1055  to  1003.  In  other  programmes  some  of  these  load 
evels  were  omitted,  t  hese  were  as  follows: 

Programme  7  -  10055  load  level  omitted 
Programme  8  -  10055  and  9055  load  level  omitted 
Programme  9  -  1055  load  level  omitted 
Programme  10  -  1055  and  2055  load  level  omitted 

5  CRACK  PROPA GATION  STUDIES 

it  was  hoped  that  a  study  of  the  rates  of  growth  of  fatigue 
cracks  under  constant  amplitude  and  programmed  loading 
would  tiirow  further  light  on  the  problem.  Such  a  study  was 
carried  out  on  a  number  of  the  specimens  tested.  The  results 
of  this  study  are  described  in  detail  in  Appendix  C. 

6.  RESULTS  AND  DISCUSSION 

6.1,  Constant  amplitude  tests  on  specimens  of  D74S 
material 

The  full  results  of  the  constant  amplitude  tests  on  the 
notched  specimens  are  shown  in  the  form  of  S-N  curves  in 


Fig.  7;  the  results  for  the  welded  specimens  are  shown  in 
Fig.  8  and  9.  All  the  diagrams  are  plotted  in  the  form 
log  Sp  against  log  N,  where  Sp  is  the  stress  range  (for  the 
notched  specimens  the  stress  is  given  on  the  basis  of  gross 
cross-sectional  area  without  deduction  for  the  notch). 

It  will  oe  seen  from  Fig.  7  that  the  tests  on  the  notched 
specimens  appeared  to  indicate  a  distinct  'fatigue  limit', 
but  the  results  of  tests  above  that  limit,  and  also  those  for 
the  welded  specimens,  car  be  represented  reasonably  well 
by  straight  lines  on  the  log  Sp  -  log  N  plot.  In  order  to 
make  the  best  use  of  the  results  in  the  subsequent  analysis 
of  the  results  obtained  under  programmed  loading,  the 
best-Ot  straight  lines  were  calculated  by  the  method  of 
least  squares.  These  were  as  follows: 

a)  For  notched  specimens 

Sznia  =  -2  toof/in2,  log  Sp  =  1.48  -  0.139  log  N 
Smin  =  °»  log  Sp  =  1.67  -  0. 192  log  N 

Sjnj,,  =+2.5  tonf/in2,logSp=2.03-0.287  log  N 

b)  For  welded  specimens 

Smia  =  -1.25  tonf/in2,  log  Sp  =  2. 18-0.283 log N 
Sjnin  =  0  log  SR  =  2. 14-0.281  log  N 

smin  =  +1.75  tonf/in2,  log  Sp  =  2. 16-0. 304  log  N 


These  lines  give  rise  to  the  following  fatigue  strengths: 


Type  of 
specimen 

Fatigue  strength  at 

10^  cycles, 
tonf/in2 

Fatigue  strength  at 
2  x  10®  cycles, 
tonf/in2 

Notched 

-2  to +  4.0 

±  2 

0  to +5.1 

0  to  +  3.25 

+  2.5  to +  6.4 

+  2.S  to  +  5.0 

Welded 

-  1.25  to  +  4.5 

±  1.25 

0  to  +  5.4 

0  to  +  2.3 

+  1.7S  to  +  6,1 

+  1.75  to  +  3.5 

The  results  for  welded  specimens  agree  well  with  other 
results  reported  in  the  literature  ^ >  18. 

The  S-N  curves  show  a  number  of  interesting  features, 

In  the  first  {dace  it  will  be  seen  that  the  slopes  of  the 
curves  for  the  welded  specimens  are  significantly  steeper 
than  the  corresponding  slopes  for  notched  specimens.  This 
fact  is  emphasised  when  the  results  are  shown  in  the  form 
of  a  Goodman  diagram  (Fig.  10).  It  will  be  seen  that  3t 
2  x  106  cycles  the  results  for  the  notched  specimens  lie  well 
above  those  for  the  welded  specimens.  However,  at  10^ 
cycles  the  results  for  notch  and  welded  D74S  lie  very  close 
to  each  other. 

There  is  insufficient  evidence  to  be  able  to  define  the 
precise  reason  for  this  behaviour  since  there  are  a  con¬ 
siderable  number  of  factors  which  are  likely  to  have 
exerted  some  influence.  These  are: 

a)  The  welded  specimens  contained  tensile  residual  stresses 
in  the  region  of  the  crack  initiating  notch  (see  Appendix  B), 
whereas  the  notched  specimens  contained  virtually  no 
residual  stresses.  This  would  tend  to  make  the  welded 
specimens  have  3  lower  fatigue  strength  than  the  notched. 

b)  The  stress  concentration  factor  due  to  the  notch  was 
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probaoiv  mghcr  than  that  caused  by  the  welded  joint.  Work 
on  similar  >scel  specimens  ®  lias  suggested  that  the  S.C.  F. 
for  this  type  of  welded  joint  is  approximately  2.6  whereas 
the  S.C.r  ,  caused  by  the  notch  was  approximately  4.5. 
lienee  tins  factor  would  tend  to  make  the  fatigue  strength 
of  the  welded  specimen  higher  than  that  of  the  notched, 
c)  It  is  probable  that  the  whole  of  the  fatigue  life  of  the 
weldeo  specimens  can  be  considered  as  consisting  of  crack 
propagation.  This  suggestion  is  also  an  extrapolation  from 
findings  made  with  steel  specimens*®,  in  which  it  has  been 
found  that  small  crack  like  defects  which  act  as  fatigue 
crack  initiators  exist  a!  the  weld  toe  after  welding.  On  the 
other  hand  the  fatigue  life  of  the  notched  specimens  must 
have  consisted  of  an  initiation  and  a  propagation  period. 

1  hus,  as  with  a)  above,  at  a  given  stress,  the  latigue  life 
oi  the  notches!  specimens  would  be  expected  to  be  greater 
than  th3t  of  the  welded  specimens. 

This  suggests  that,  at  least  under  high  stresses,  which 
seems  to  be  the  condition  required  for  the  welded  joints  to 
have  the  higher  fatigue  strength,  the  magnitude  of  the  stress 
concentration  factor  is  the  ruling  factor.  However  under 
lower  stresses  this  becomes  of  less  importance,  and  the 
tensile  residual  stresses  present  in  the  v/elded  joint  and  the 
necessity  to  initiate  a  crack  in  the  notched  specimen  exert 
a  greater  influence. 

A  second  feature  of  the  results  is  the  fact  that  mean 
stress  has  a  greater  influence  on  the  fatigue  strength  of 
notched  specimens  than  it  does  in  the  case  of  welded  speci¬ 
mens.  This  can  be  seen  by  comparing  the  ratios  of  alterna¬ 
ting  and  half  tensile  fatigue  strengtlis  (ranges)  to  pulsating 
tension  fatigue  strength  (all  at  2  x  \cfr  cycles)  for  the  two 
types  of  specimen.  These  are  as  follows: 


Notched 

Welded 

Half  tensile  fatigue  strength 
Pulsating  tension  fatigue  strength 

0.77 

0.76 

Alternating  fatigue  strength 

1.23 

1.09 

Pulsating  tension  fatigue  strength 

This  effect  is  almost  certainly  due  to  the  presence  of 
residual  tensile  stresses  in  the  welded  specimens  so  that, 
regardless  of  the  stress  ratio  of  the  nominal  applied  stresses, 
the  teal  stresses  at  the  notch  would  have  varied  from  an 
upper  limit  stress  equal  to  the  residual  tensile  stress.  Hence 
a  greater  proportion  of  the  applied  stress  range  would  have 
been  fully  tensile  -  and  therefore  more  damaging  -  than  in 
the  case  of  notched  specimens  with  no  residual  tensile 
stress. 

As  far  as  die  apparent  existence  of  a  fatigue  limit  is 
concerned,  it  is  interesting  to  consider  this  finding  in  the 
light  of  work  which  has  been  carried  out  elsewhere  on  non- 
propagating  fatigue  cracks.  Re-analysis  of  results  obtained 
by  I  rest  cl  a!,  primarily  under  alternating  loading,  on  a 
iracturc  mechanics  basis  **  showed  that,  for  all  die 
materials  which  were  tested  (which  did  not  include  an 


aluminium-zinc- magnesium  alloy),  nonpropagating  cracks 
would  only  form  if  ~~  was  not  greater  than  approxima- 

.  i 

rely  10"*  ini,  a  ^  being  the  cyclic  range  of  stress  inten¬ 
sity  factor  calculated  on  the  basis  of  the  tensile  part  of  tire 
stress  cycle. 

If  it  is  assumed  that  the  notch  used  in  the  present  work 
can  be  considered  as  a  transverse  slit  of  length  2a  in  a  finite 
plate  of  width  2b,  then  the  value  of  K  is  given  by: 


„  ,  i  2b  na 

K  =  o  (tra)  —  tan  — 

••  a  2b 


■ 
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where  o  is  the  nominal  applied  stress.  This  formula  does 
not  include  a  plasticity  correction  factor,  but  since,  in 
the  regime  of  non-propagating  cracks,  the  applied  stress 
is  small  the  error  introduced  by  ignoring  the  plasticity 
correction  will  also  be  small.  Inserting  the  values  of  a 
and  b  into  this  formula  gives 

K  =  0. 77  o 

-4  i  2 

10  in  and  E  =  4500  tons/in 

0.45  tons/in  in. 

2 

0.58  tons/in  (semi  stress  range,  alter¬ 
nating  loading). 

It  will  be  noted  that  this  is  not  in  particularly  good  agree¬ 
ment  with  the  results  shown  in  Fig.  7.  These  indicate  that 
the  fatigue  limit  stresses  were  approximately  2.5  - 
5.0  tons/in^  under  half  tensile  loading  and  3.0  tons/in^ 
under  pulsating  tension  loading.  No  fatigue  limit  was 
established  for  the  case  where  the  minimum  stress  in  the 
cycle  was  compressive,  but  it  is  certainly  less  than 
-2  to  +1.5  tons/in^.  It  therefore  seems  prudent  to  treat 
these  results  as  dubious.  Hence,  in  the  analysis  of  the 
programmed  test  results  the  values  of  N  taken  from  the 
constant  amplitude  S-N  curves  for  low  applied  stresses 
were  deduced  by  linear  extrapolation  of  the  straight  line 
portions  of  the  log  S  -  log  N  plots  (i.e.  the  possible 
existence  of  the  fatigue  limit  was  ignored).  Since  this 
extrapolation  is  in  a  region  where  N  is  large,  the  effect 

on  £—  *n  ®'c  cumulative  damage  calculations  is  small. 


Hence,  if  = 

Ar  = 

•  * .  A  o  = 


The  effect  of  ageing  .  As  noted  previously,  most  of  the 
welded  specimens  weie  aged  at  room  temperature  for 
6*1  weeks  pri-i  to  fatigue  testing.  However  three 
specimens  were  naturally  aged  for  different  periods  in  order 
to  determine  whether  the  ageing  period  had  a  radical  effect 
on  fatigue  strength,  all  being  tested  under  a  pulsating 
tension  stress  of  4  tons/ in'*.  Two  of  these  specimens  were 
aged  for  8  days  and  gave  endurances  of  0.216  and  0,308  x 
10**  cycles  and  the  third  was  aged  for  120  days  and  gave 
an  endurance  of  0,217  x  10®  cycles.  All  three  results  are 
shown  in  Fig.  8,  from  which  it  will  be  seen  that  they  are 
in  good  agreement  with  the  results  for  specimens  aged  for 
the  normal  period. 


S 


Some  tests  were  also  carried  out  on  specimens  which 
were  artificially  aged  for  72  hours  at  120° C,  and  these 
results  are  shown  in  Fig.  11.  Also  shown,  for  comparison, 
is  the  S-N  curve  for  the  naturally  aged  specimens  taken 
from  Fig,  S,  and  it  is  apparent  that  the  results  for  the 
artificially  aged  specimens  are  in  close  agreement  with  it. 

As  a  result  of  these  tests  it  can  be  concluded  that  ageing 
has  little  effect  on  the  fatigue  performance  of  welded  joints 
under  low  stresses  {i.e.  high  cycle  fatigue). 

6,2,  Programmed  tests  on  specimens  in  D74S  material 

6.2,1.  Tests  using  the  basic  programme  (Programme!) .The 
results  of  the  programmed  tests  on  notched  and  welded 
specimens  are  shown  in  detail  in  Tables  4  and  S  respective¬ 
ly.  They  are  also  shown  in  diagrammatic  form  in  Fig.  12, 

13  and  14,  wherein  log  S^jnax  is  plotted  against  log  N, 
SRmax  being  the  stress  range  at  the  100%  load  level  and  N 
being  the  total  endurance  under  all  stresses. 

It  is  convenient  to  analyse  the  results  by  comparing 
them  with  Miner's  linear  cumulative  damage  rule.  If  the 
constant  amplitude  test  results  for  a  given  type  of  detail 
anc,  form  of  stress  can  be  represented  by  a  straight  line  on  a 
log  Sr  -  log  N  diagram,  and  if  Miner's  rule  is  assumed  to 
apply,  the  programmed  test  results  should  also  be  represented 
by  straight  lines  of  the  same  slope  as  the  constant  amplitude 
lines.  These  theoretical  straight  lines  are  as  follows: 

Notched  specimens 

Smin  =  -2  tonf/in2  log  SRmax  =  1.72  -  0.139  log  N 

Smin=  0  -U*SRmax,,1*96-<U921oSN 

Smin  =  +2*5  tonf/in  lo8  sRmax  =  2.38  -  0.287  log  N 

Welded  specimens 

Smin  =  -1.25  tonf/in2  log  SRmax  =  2.51  -  0.283  log  N 

Smin  =  0  ^Rniax  =  2’^  -  0.281  log  N 

Smin  =  +U7S  tonf/in  l°g  SRmax  =  2.52  -  0.304  log  N 

These  lines  are  plotted  in  Fig.  12,  13  and  14  for  com¬ 
parison  with  the  test  results.  The  distance  parallel  to  the 
log  N  axis  between  a  test  result  and  the  appropriate  theo¬ 
retical  line  is  proportional  to  the  value  of  the  linear 

cumulative  damage  ratio  £7,.  The  values  of  this  ratio  for 
N 

each  specimen  are  also  given  in  Tables  4  and  5.  It  should 
be  noted  that,  in  calculating  these  values,  the  values  of 
N  for  stresses  either  above  or  below  the  limits  oi  the  experi¬ 
mental  results  were  obtained  by  linear  extrapolation  of  the 
log  Sr  -  log  N  lines  and  the  possible  existence  of  a  fatigue 
limit  was  ignored,  as  discussed  previously.  There  is  one 
obvious  fallacy  in  this  approach  in  that  the  lines  represent¬ 
ing  the  constant  amplitude  test  results  for  notched  speci¬ 
mens  cross  at  approximately  Sr  =  9  tonf/in^.  This  is  ob¬ 
viously  in. possible  and  the  curves  must  in  fact  merge  gra¬ 
dually  as  the  influence  of  minimum  stress  becomes  less  im¬ 
portant  with  increasing  stress  range.  However  examination 

of  the  values  of"  in  the  Tables  shows  that  the  major 


contributions  to  the  values  of 


come  from  stresses  either 


within  or  only  slightly  outside  the  range  covered  by  the  con¬ 
stant  amplitude  results.  It  is  therefore  unlikely  that  the 
extrapolation  caused  any  significant  error. 

The  results  themselves  show  a  number  of  interesting 
features.  In  the  first  place,  only  one  specimen  gave  a 

value  of  Z~  which  was  less  than  unity,  this  being  notched 


specimen  PNA/3  which  was  tested  under  an  upper  limit  stress 

2 

range  varying  between  -2  and  44.7  tonf/in  and  gave 
£~ ■  =  0.84.  The  remainder  of  the  notched  specimens  gave 


values  of  £7  ranging  between  1.58  and  14.84,  while  for 
N 


the  welded  specimens  £—  varied  between  2.60  and  7.51. 
N 


For  the  notched  specimens  the  values  of  - 


n 

N 


appear  to 


be  strongly  dependent  on  the  applied  stress;  as  can  be  seen 
from  Fig.  12  the  divergence  between  the  experimenta’ 
results  and  the  relevant  theoretical  Miner  line  increases 
rapidly  with  increasing  stress.  Thus,  considering  the  tests 
carried  out  with  Smjn  =  0,  the  results  are  well  represented 
by  the  line: 


log  SRmax  =  2.87  -  0.33  log  N 

for  which  the  slope  of  -0. 33  can  be  compared  with  the 
corresponding  slope  of  -0. 19  for  constant  amplitude  tests. 

The  apparent  dependence  of  on  SRmax  for  all  three 

test  scries  is  shown  in  Fig.  15. 

For  the  welded  specimens,  however,  the  values  of 

appeared  to  be  largely  independent  of  the  value  of  SRmax 
and  a  diagram  of  the  form  shown  in  Fig.  15  merely  reflected 

the  scatter  in  the  value  ol  Z  —  .  The  average  values  of  £— 

N  N 

were  4.42  for  specimens  tested  with  Smin  =  1.25  tons/in2, 

4.39  for  tests  with  Smjn  =  0  and  5. 30  for  tests  with  SrnjJ1  - 

+  1.75  tons/in2,  the  overall  average  being  4.59.  As  can  be 

seen  from  Fig.  13  and  14,  the  ..st  results  were  closer  to 

being  parallel  to  the  Miner  line  than  was  the  case  with  the 

notched  specimens.  For  the  tests  carried  out  with  Smjn  =  0 

the  best  fit  straight  line  is: 

log  SR  max  -  2.42  -  0.241  log  N 

where  the  slope  of  -0.24  can  be  compared  with  -0.28  for 
the  constant  amplitude  results.  (Note  that  the  corresponding 
slopes  for  notched  specimens  were  -  0.  33  and  -0.19),  On 
the  basis  of  the  results  shown  in  Tig.  13,  it  could  in  fact  be 
argued  that  the  slope  of  the  line  representing  the  programmed 
test  results  with  Snij„  0  was  even  closer  to  that  of  the  con¬ 
stant  amplitude  results,  since  the  two  results  obtained  at 
stresses  of  5.5  and  6.2  tons/in2  could  be  considered  to  be 
the  start  of  a  'knee'  formation  as  a  result  of  the  10%  load 
becoming  too  small  to  have  any  effect.  In  the  meantime, 
however,  it  has  been  assumed  that  all  the  experimental 
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points  ate  relevant  to  the  linear  relationship  stated  above. 

A  particularly  interesting  feature  is  the  very  large 
number  of  specimens,  both  notched  and  welded,  which  gave 
n 

individual  values  of  —  at  a  particular  stress  level  which 

were  greater  than  unity.  In  fact  Uu*  occurred  in  5  of  the  !  1 
notched  specimens  and  in  21  of  the  23  welded  specimens 
tested  in  this  stage  o i  t  ^  investigation.  It  is  notable  that, 
in  the  case  of  the  notched  specimens,  tite  occurrence  of 


values  of  -  greater  than  unity  was  restricted  to  specimens 
tested  with  maximum  stress  ranges  of  at  least  9.5  tons/in^, 


this  reflecting  the  fact,  -  noted  above,  -  that  £  -r  tended 
to  increase  as  applied  stress  increased.  The  highest  value 
of  recorded  for  an  individual  i.tress  level  was  3.004  at 


the  80»  level  in  notched  specimen  ?NA/t.  However  in  all 

n 

except  two  specimens  the  greatest  value  of  —  was  associa- 

N 

ted  with  the  7056  load  level.  This  means  that,  even  if 
damage  at  all  other  stress  levels  is  ignored,  the  cycles  at 
70%  of  the  maximum  stress  did  less  fatigue  damage  in  the 
programmed  tests  than  in  constant  amplitude  tests.  Much 
the  most  likely  explanation  for  this  behaviour  is  that  the 
very  small  number  of  cycles  at  high  stress  introduced 
favourable  residual  compressive  stresses  around  the  propa¬ 
gating  crack,  whose  effects  far  outweighed  the  small  con¬ 
tribution  which  such  stresses  made  to  the  propagation  of  the 
crack.  A  second  possibility  is  that  the  large  number  of 
cycles  at  low  stress  had  a  coaxing  effect,  but  this  seems 
unlikely  in  view  of  the  relatively  poor  performance  of  the 
notched  specimens  tested  at  the  lower  applied  stress. 

It  has  been  suggested  extraneously  that  stresses  less 
than  about  80%  of  the  endurance  limit  make  a  negligible 
contribution  to  damage  in  programmed  tests.  If  this  were 
so  a  flattening  off  of  the  log  3^max  -  log  N  lines  would  be 
expected  at  low  stress  levels,  when  the  10%  stress  level 
ceased  to  contribute  to  fatigue  damage,  since  40%  of  the 
cycles  in  the  ptogramme  are  at  the  10%  level.  As  already 
noted,  it  could  be  argued  that  there  is  some  indication  of 
the  formation  of  a  'knee'  in  the  curve  for  welded  specimens 
tested  with  Smju  =  0,  but  no  'knee'  is  apparent  in  any  of 
luc  other  curves.  Even  for  the  welded  specimens  it  must 
be  realised  that  the  10%  stress  levels  of  the  two  specimens 
v/hich  may  be  on  the  knee  were  only  about  0.6  tonf/ln  , 
whereas  the  constant  amplitude  fatigue  limit  appeared  to 
be  at  about  1.5  tonf/in^. 

In  order  to  investigate  the  effects  of  stresses  well  below 
the  fatigue  limit  two  specimens  were  tested  in  which  the 
10%  level  was  omitted.  Apart  from  omitting  this  level,  the 
remainder  of  the  programme  was  identical  to  the  original 
Programme  1,  The  results  for  these  specimens  are  given  in 
Tabic  6  and  they  are  also  shown  in  Fig.  16. 

The  mean  value  of  £-  for  these  two  specimens  was 
N 

approximately  4.2  which  is  almost  the  same  as  the  mean 
of  the  results  for  the  basic  programme.  The  actus!  lives 


for  ib«t  specimens  car.  be  compared  it.vtlj  a ite  those  of 
the  earlier  tests  it  they  are  multiplied  by  a  factor  of 
40000 

- - -  -  i.7\  there  beirsc  a  total  ot  40000 

4CG00  -  1&S03  5 

cycles  in  the  original  programme  and  16  SOS  cycles  2:  the 
10k.  level.  Multiplication  by  this  factor  gives  equivalent 
*‘ves  a.'  4.92  x  !0°  fee  specimen  PW.’I  3  asd  6.74  x  10° 
for  specimen  P\V/M.  These  return  are  also  plotted  ic 
Fig.  16,  where  they  may  be  computed  with  the  lire  for  the 
original  tests.  It  will  be  seen  that  they  lie  dose  to  this  lirse, 
as  would  be  expected  mom  the  similarity  between  the 
.  n 

values  ot  — —  .  It  would  therefore  apipear  tisst  in  these 

specimens  the  10%  slieis  level  had  very  little  effect.  This 
result  was  not  expected  and  does  cot  throw  light  on  the 
reason  for  the  continuation  of  the  log  ^p.tn-.Jr  *  1<>4  X  curve 
at  the  same  slope  at  low  stress  levels. 


6.2.2.  Tests  using  other  programmes  .  The  objective  of 
this  part  o:  the  investigation  was  to  determine  the  effect 
of  varying  the  order  of  application  of  loads  within  a  pro¬ 
pram  me  block,  while  at  the  same  time  keeping  the  total 
number  of  _ycies  within  each  programme  block  at  each 
stress  level  the  same.  As  -  result  of  determining  the 
effect  cf  ordering  it  was  hoped  to  define  the  programme 
giving  the  minimum  life  in  order  to  test  the  degree  of 
safety  or  risk  in  employing  the  linen,  cumulative  damage 
rule.  Before  considering  the  test  results  obtained  it  is 
convenient  to  outline  the  information  which  has  been 
obtained  in  other  investigations. 

As  was  r.oied  in  the  introduction  to  this  report,  much 
of  the  work  on  cumulative  fatigue  damage  has  involved 
simple  two  level  tests  on  plain  3nd  notched  specimens 
and  this  has  indicated  that  the  order  in  which  the  stresses 
are  applied  has  a  significant  effect  on  the  fatigue  life.  In 
general,  rotating  bending  tests  on  unnotched  specimens  of 
steels  and  aluminium  alloys  have  given  values  of 


Z~  which  were  greater  than  1.0  if  the  lower  stress  was 
N 


applied  first  but  less  than  1.0  is  the  upper  stress  was  applied 
first.  On  the  other  hand,  under  axial  loading 

has  usually  been  greater  when  the  higher  stress  has 

been  applied  before,  rather  than  after,  the  lower  stress, 
and  tills  has  been  found  to  be  true  both  for  plain  and  notched 
specimens. 

It  seems  almost  certain  that  this  effect  is  related  to  the 
influence  of  residual  stresses.  It  has  been  shown  in  several 
investigations  that  the  application  of  a  single  cycle  of  high 
tensile  stress  (prior  overloading)  before  subsequent  fatigue 
testing  at  a  lower  stress  can  resi.lt  in  a  large  increase  in 
life  by  introducing  compressive  residual  stresses  at  the 
notch.  There  is  no  reason  why  the  same  mechanism  should 
not  operate  in  axial  two  step  high-low  fatigue  tests.  It 
docs  not  operate  in  rotating  bending  tests  because,  at  the 
moment  immediately  prior  to  the  change  to  the  lower  stress 
level,  only  one  half  of  the  specimen  will  be  prcloaded  in 
the  right  sense.  The  region  subjected  to  the  final  high 
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cospcaiic  secs  will,  if  a  crick  »  jttiot,  be  left  is  a 
suit  oi  i«jferl  tczMs  so  clsst,  csda  aotsiaaU? 

abttastia;  spchc,  tic  life  will  Etc  ledectd  n6e  :tga 
increased. 

Tic  iafaceatfoa  iniUMt  o-»  tie  effect  of  rsirii;  lie 
odcr  of  satso  a  s  speArea  is,  bwtwt.  very  Until cd. 
Nwric!«  as  effect  doe  to  wSeiaj  as  sees  faaf.  For 
cn— pit  Saijic  aai  Jacobs  Ea  axial  kudiag  cats  oa 

riven ed  uni  iptdwat  of  2024  aai  7075  liaarits  alloys, 
bod  that  a  rapid  rise/slow  fall  programme  gave  a  low  life, 
a  slow  rise/slcw  fall  programme  a  medium  life  asd  a  slow 
rise /rapid  fall  programme  a  long  life.  It  was  ’jtcjfct 
that  lie  contjvessire  residual  stresses  fasrodoced  E>y  rise 
100K  load  level  in  Use  slaw  rise /rapid  fall  case  were  arch 
lilt  Use  low  stresses  wiich  follow  tins  level  are  acre  or 
less  ineffective.  However  is  the  rapid  rise/slow  fail  case 
each  following  load  level  is  only  slightly  lover  than  the 
preceding  one,  so  that  there  is  snore  chase*  of  the  residual 
stresses  being  relaxed  by  plastic  deformation  or  by  crack 
propagation.  The  results  for  alloy  7075  showed  that  the 
effect  of  ordering  was  much  less  marked  than  in  the  case 
of  2024  and  this  was  thought  to  be  due  to  the  relatively 
high  proof  stress  of  this  material  aad  also  to  the  fact  that 
the  test  stresses  were  lower  for  this  alloy  than  for  alloy  2024. 
Residual  stresses  therefore  played  a  much  less  significant 
part.  Tests  showing  the  opposite  effect  of  ordering  have 
keen  reported  by  HardaJi,  Kaumann  and  Guthrie  - 

i.e,  the  rapid  rise/slow  fall  programme  giving  a  high  life, 
slow  iise/slow  fall  a  medium  life,  and  slow  rise/sapid  fell 
a  low  life.  In  these  tests  the  effect  was  quite  marked  for 
both  alloys  7075  and  2024.  The  reason  for  this  difference  in 
behaviour  is  not  dear.  The  American  tests  differ  from  those 
carried  out  in  Holland  in  that  the  maximum  stresses  used 
had  a  considerably  higher  ratio  to  tie  proof  stress. 

In  the  current  work  four  main  variants  of  the  basic  pro¬ 
gramme  were  used,  as  indicated  previously  in  the  section 
entitled  ’Methods  of  Testing*,  and  details  of  them  are 
shown  in  Fig.  4. 

Programmes  2  and  3  were  similar  to  Programme  1  in  so 
far  as  each  programme  block  contained  five  peaks.  How¬ 
ever,  whereas  in  Programme  1  the  arrangement  of  cycle 
blocks  was  symmetrical  in  Programme  2  the  stress  rose 
rapidly  to  each  peak  and  fell  away  slowly  and  in  Pro¬ 
gramme  3  the  stress  rose  slowly  and  fell  away  rapidly.  The 
results  of  the  fatigue  tests  using  Programme  2  and  3  are 
given  in  detail  in  Tables  7  and  8  respectively  and  are 
shown  in  Fig.  16,  in  which  is  also  shewn  the  S-N  curve  re¬ 
lating  to  results  obtained  with  the  basic  programme,  it 
will  be  seen  that,  although  programme  3  gave  slightly 
longer  lives  than  Programme  2,  there  was  extremely  little 
difference  between  them  and  both  gave  slightly  longer  lives 
than  the  basic  programme.  This  is  reflected  in  the  average 

values  of  £~,  ,  which  were  5. 75  for  Programme  2  and 
N 

6,58  for  Programme  3  compared  with  4. 3  for  the  basic 
programme. 

In  Programme  4  and  5  there  was  only  one  peak  per 
programme  block.  In  Programme  4  the  stress  rose  directly 


fcon,  the  10  to  IQO-i  level  without  any  ettmtsisj  cy  cles 
aai  then  fell  away  slowly  from  the  peak.  *s  Pnagramme  5 
the  stress  cose  slowly  to  the  peak  and  then  tel!  vertically 
to  the  !0X  level.  The  resells  obtained  wits  these  two 
programmes  are  gives  is  detail  *a  Tables  9  atsi  10  and  are 
alto  shows  dla grammatically  is  Fig.  !o.  Siace  only  two 
tats  were  carried  ocs  using  Programme  4  it  is  sot  possible 
to  draw  any  valid  cmdsixs  rbsts  hs  effect,  although 
the  lives  were  chvsossly  very  similar  to  those  obtained  with 
the  other  programmes.  The  tats  with  Programme  5,  how¬ 


ever,  do  show  a  distinct  leniency  for  1  to  increase  as 

the  ssess  deceases,  aad  os  the  basis  oi  a  single  tot  result 
there  is  some  indication  of  the  formation  of  n  r.rme  at  a 
maxi  mem  stress  range  in  the  spectrum  of  about  7.5  tonf/in^. 

This  behaviour  is  consistent  with  the  hypothesis  mat 
the  effect  of  ordering  roads  within  a  programme  results  from 
the  introduction  of  compressive  residual  stresses  at  the  notch 
on  the  application  and  removal  of  high  loads.  In  Pro¬ 
gramme  5,  as  the  nominal  stress  decreases  the  high  loads 
will  still  be  sufficient  to  cause  yielding  at  the  reach  with 
the  consequent  introduction  of  residual  compressive  stresses, 
but  the  lowest  loads  (which  immediately  follow  the  high 
load)  are  then  so  small  that  they  merely  result  in  an  actual 
(as  opposed  to  2  nominal)  stress  range  which  is  purely  com¬ 
pressive  In  nature  (i.e.  varying  upwards  from  the  residual 
compressive  stress).  Thus  as  the  nominal  stress  in  the 
spectrum  is  decreased  the  lowest  loads  become  less  dama¬ 
ging  and  £  would  be  expected  to  increase. 

\ 

It  seems  probable  that  the  effect  would  be  somewhat 
_  n 

more  marked  -  i.e.  would  be  slightly  greater  -  if, 

N 

instead  of  each  programme  block  containing  only  one  peak 
with  the  3  high  loads  applied  consecutively,  it  were  to 
contain  three  separate  peaks  with  a  vertical  fall  after  each. 
In  this  way  the  compressive  residua!  stress  would  be  re¬ 
established  more  frequently. 

The  reason  why  Programme  2  (slow  risc/rapid  fa!’  with 
5  peaks)  did  not  show  the  same  behaviour  as  Programme  5 
is  probably  that,  in  Programme  2,  the  fall  was  not  vertical. 
Hence  the  successively  decreasing  stresses,  although  only 
applied  for  a  relatively  small  number  of  cycles,  were 
sufficient  to  propagate  the  crack  out  of  the  residual  stress 
region  generated  by  the  highest  stresses  so  that  virtually 
ail  the  cycles  in  the  programme  were  damaging. 

By  the  same  token  it  was  anticipated  that  Uie  rapid 
rise/slow  fall  Programme  3  would  tend  to  give  a  lower 


value  of 


than  the  basic  programme  and  that  Pro¬ 


gramme  4  (vertical  rise/slow  fall)  would  give  the  lowest 
value  of  all  since  the  cycles  at  each  stress  level  would 
havr  the  maximum  opportunity  to  break  through  Uie  com¬ 
pressive  residual  stress  barrier  created  by  the  previous 
higher  loads.  In  fact  the  results  for  Programme  3  did  not 
bear  out  this  prediction  and.  as  noted  previously,  insufficient 
specimens  were  tested  under  Programme  4  to  enable  any 
conclusions  to  be  drawn.  It  is  interesting  to  note,  however, 
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the  relatively  low  value  d  £~  (  =  4.84!)  obtained  with  the 

Jl 

specimen  tested  at  SRjnax  =  5.9  xonifxa’  using  Programme 

4. 

in  genera!,  however,  it  must  be  concluded  that  the 
order  of  application  of  loads  is  the  spectrum  only  has  a 
small  effect  is  fillet  welded  joints  of  D74S.  The  results 
for  Programme  5  suggest  that  ,»£  may  be  possible  tc  obtain 

abnormally  high  values  of  I"  if  the  order  of  load  appli- 

M 

cation  is  suitable,  but  such  a  spectrum  would  be  most  un¬ 
likely  to  exist  in  service. 


It  may  therefore  be  that  the  results  is  the  high  endurance 
range  all  come  from  a  single  family. 

In  spite  of  these  considerations  it  is  proposed  that 


should  be  calculated  on  the  basis  of  the  regression  lines 


given  since  these  must  be  taken  to  be  the  best  representation 
of  the  available  experimental  evidence  in  the  absence  of 
other  data. 

It  is  also  interesting  to  compare  the  line  for  R  -  0  for 
H48  material  with  that  for  D74S  material,  for  which  the 
regression  line  was; 


logSR  =  2.  t4  -0.28  log  N 


6.3.  Constant  amplitude  tests  on  specimens  of  H4S 
material 

Although  it  was  not  considered  that  the  H48  material  would 
behave  very  differently  from  D74S  under  fatigue  loading, 
it  was  thought  wise  to  carry  out  confirmatory  constant 
amplitude  tests.  These  were  restricted  to  welded  speci¬ 
mens,  the  specimen  design  used  being  the  same  as  in  the 
earlier  work,  as  shown  in  Fig.  lb.  Since  it  had  been 
decided  to  study  the  effect  of  programmes  in  which  R  = 
Sjnin^max  =  aD^  throughout  the  programme, 

constant  amplitude  tests  with  these  values  of  R  were  carried 
out  in  addition  to  those  in  which  R  =  0.  It  will  be  recalled 
that  in  the  tests  on  welded  specimens  of  D74S  material  the 
three  S-N  curves  had  constant  values  of  Smjn,  namely 
+  1.75,  0  and  -1.25  tons/in2  respectively,  rather  titan  con¬ 
stant  values  of  smin^Smax*  Hence  onlY  the  results  ob¬ 
tained  under  pulsating  tension  loading  can  be  compared 
directly  between  the  two  material. 

The  results  of  all  these  tests  are  plotted  in  Fig.  17  and 
18  in  the  form  log  SR  against  log  N.  It  will  be  noted  that 
when  presented  in  this  form  variations  in  the  value  of  R 
have  little  effect  on  endurance. 

The  results  of  these  tests  were  analysed  by  means  of  a 
regression  analysis  which  gave  the  following  as  the  best  fit 
straight  lines  in  the  log  SR  versus  log  N  plot: 

for  R  =  -1,  log  =  2.68  -  0. 358  log  N 

for  R  =  0,  log  SR  =  2.54  -  0.359  log  N 

for  R  =+0.5,  log  SR  =  2.12  -  0.277  log  N 

The  first  point  to  note  is  the  remarkable  similarity  between 
the  regression  lines  for  R  =  -1  and  0.  The  slopes  are 
practically  identical,  the  position  of  the  line  for  R  =  -1 
being  shifted  to  somewhat  higher  stress  (range)  levels  for  a 
given  life. 

Secondly  it  will  be  seen  that  the  line  for  R  =  +0. 5 
crosses  that  for  R  =  0.  It  seems  unlikely  that  this  is  a  re¬ 
presentation  of  the  true  state  of  affairs  and  it  is  felt  that  it 
p.obably  be  attributed  to  scatter,  although  the  tests  at  lo». 
stress  ranges  for  R  =  +0.S  seem  to  have  given  consistently 
high  endurances.  At  the  low  cycle  end  of  the  S-N  curve 
results  for  R  =  +0.5  would  be  expected  to  show  lower  en¬ 
durances  than  for  R  =  0  since  in  this  case  the  upper  limit 
stress  will  be  closer  to  the  tensile  strength  of  the  material. 
The  effect  would  be  expected  to  be  less  marked  at  high 
endurances  (low  stress  range)  and  in  this  region  the  stress 
range  itself  might  be  assumed  to  be  the  governing  factor. 


This  also  crones  the  R  =  0  line  for  H48  and  is  almost  co¬ 
incident  with  the  R  =  +0.5  line  for  ;he  latter  material. 

D74S  has  a  lower  0.255  proof  strength  than  H48  so  that 
one  might  expect  it  to  give  lower  endurances  in  the  low 
cycle  region  when  the  stress  range  approaches  the  proof 
strength. 

The  above  lines  give  rise  to  the  following  fatigue 
strengths  for  welded  H48  material. 


Fatigue  strength  at 

HP  cycles,  tonf/in2 

Fatigue  strength  at 

2  x  10®  cycles,  tonf/in^ 

t  3.9 

*  1.3 

0  to  5.6 

Oto  1.9 

5.5  to  11 

2.3  to  4.6 

These  results  are  plotted  in  the  modified  Goodman 
diagram,  Fig.  10,  where  they  may  be  compared  with  the 
D74S  results. 


6.4,  Programmed  load  tests  on  specimens  of  H48  material. 

6.4.1.  Original  programme  (Programme  1)  Smjn  =  0.  In 
order  to  provide  a  further  check  that  the  introduction  of  a 
new  material  did  not  invalidate  earlier  work,  three  speci¬ 
mens  were  tested  using  the  original  programme  (Programme 
1)  and  with  R  =  0, 

The  results  of  these  tests  are  given  in  Table  11.  These 
results  are  plotted  in  the  form  log  SRmax  -  log  N  in  Fig.  19, 
on  which  is  also  plotted  the  scatter  band  for  tests  on  D74S 
material  using  the  same  programme.  It  will  be  noted  that 
the  results  for  H48  material  fall  near  the  centre  of  this 
scatter  band  and  are  therefore  in  good  agreement  with  the 
earlier  tests. 

6.4.2.  Original  programme  (Programme  1)  Smin  -  0.5  Smax 
Tests  were  carried  out  using  the  original  programme 
(Programme  1)  for  the  stress  range,  but  with  the  value  of 
Smin  in  each  block  equal  to  half  the  value  of  Smax  in  that 
block  (Fig.  5a).  The  results  of  these  tests  are  given  in 
Table  12. 

These  results  are  plotted  in  the  form  log  Sr^x  -  log  N 
in  Fig.  20.  In  this  figure  the  regression  line  calculated 
from  the  results  is  plotted  and  it  n-.ay  be  compared  with  the 
line  calculated  on  the  basis  of  Miner's  hypothesis. 

These  lines  are  respectively: 


9 


log  SRnjax  -  2. 48  -  0.2?4  log  X  (Regression  line) 
and  log  S£max  ■=  2.44  -  0.277  log  N  (Miner  line) 

Clearly  the  results  of  the  tests  are  in  fairly  close  agree¬ 
ment  with  this  hypothesis.  The  equations  and  the  Ogive  show 
that  the  lines  arc  very  nearly  parallel,  the  actual  results 
being  displaced  slightly  towards  higher  lives.  The  mean 
n 

value  of  £  ”,  which  was  1.8,  is  considerably  lower  than 
the  values  of  about  4  found  for  R  =  0.  Fisthermorc  there 


was  one  specimen  for  which  £  was  approximately  0.5, 

h 


although  this  is  based  on  a  value  of  N'  found  by  extrapola¬ 
tion  of  the  constant  amplitude  S-N  curve  (Fig.  18).  These 
results  thereiore  suggest  that  for  fluctuating  stresses  Miner's 
hypothesis  is  less  conservative  than  it  is  for  R  -  0. 

The  results  were  analysed  above  on  the  basis  of  a  best 
fit  straight  line.  However  an  inspection  of  Fig.  20  suggests 
that  they  may  be  better  represented  by  a  curve  (chain 
dotted  in  the  figure).  Certainly  a  flattening  off  of  the 
curve  at  high  values  of  So  ax  might  be  expected,  since 
when  Spnux  -  12  tonf/in^,  for  example,  the  maximum 
stress  applied  is  24  tonf/in^  which  approaches  the  proof 
stress  of  the  material.  For  S;tniax  =  16  tonf/in~  the  life 
would  be  5  cycle  since  32  tonf/in^  exceeds  the  tensile 
strength  of  the  material.  When  seen  from  this  point  of 

view,  the  low  values  of  Tr.  at  high  stress  ranges  are  not 


surprising. 


6.4.3.  Original  programme  (Programme  1),  Smin  =  - Smax 
Tests  were  also  carried  out  with  R  =  -1,  using  once  more 
the  original  programme.  The  results  of  these  tests  are 
given  in  Table  1 3. 

These  results  are  plotted  in  the  form  S[^max  -  log 
N  in  Fig.  21.  In  this  figure  the  regression  line  and  the 
theoretical  line  based  on  Miner's  law  are  plotted  as  before. 
The  equations  of  these  lines  are: 

log  Sj^max  =  3.61  -  0.436  log  N  (Regression  line) 
log  Sj^max  =  3.04  -  0.358  log  N  (Miner  line) 

In  this  case  the  results  do  not  lie  paralle  to  the  Miner 
line;  but  they  are  all  above  it.  Since  the  results  are  not 

parallel  to  the  Miner  line,  the  mean  value  of  £—  over  the 

N 

whole  range  of  stresses  is  meaningless.  The  mean  value 
varies  with  stress.  At  Sftmax  =  15  ton'/in^  the  mean  value 

II  p 

ol  £  -  =  2. 36  and  at  Sj^rnax  =  5  tonf/in^  the  mean  value 

of£-  =  1.34.  Both  these  values  are  considerably  less 

than  the  value  of  about  4  found  for  R  =  0.  We  therefore 
have  the  rather  strange  fact  that  both  for  R  =  +0,5  and  R  = 

-1  the  value  of  £7  is  less  than  that  for  R  =  0. 

IN 

The  effect  of  variations  in  the  value  of  R  may  be 
shown  by  plotting  the  results  in  the  form  of  a  modified 
Goodman  diagram  (see  Fig,  22).  In  this  figure  the  values 
plotted  are  the  values  of  Smax  and  Sm;n  appropriate  to  the 
i00%  stress  range  level  which  gave  failure  within  the  given 


number  of  cycles.  As  is  normally  found  for  constant 
amplitude  tests  on  as  welded  (not  stress  relieved)  specimens, 
the  curves  for  2  x  ufi  and  6  x  10^  cycles  are  virtually 
parallel  to  the  lice  for  R  -  1 .  This  fact  results  from  the 
presence  of  residual  stresses.  However  at  low  endurances 
residual  stresses  have  less  effect  and  this  is  shown  up  by  the 
tendency'  to  diverge  from  parallelism  for  negative  values  of 
R  shown  by  the  curve  for  10s  cycles.  This  part  of  the 
curve  is  not  shown  as  a  solid  line  since  the  result  on  it  for 
R  -  -1  was  obtained  by  extrapolation  and  is  not  directly 
confirmed  by  the  experimental  data. 


6.4.4.  Randomised  programme  R  -  0.  It  was  considered 
that  the  way  in  which  the  load  levels  were  ordered  might 


well  contribute  to  the  high  values  of  £  — ,  which  were  found. 

N 


It  was  therefore  decided  to  cany  out  tests  using  a  programme 
having  the  same  number  of  cycles  at  each  load  level  as 
programme  1;  but  one  in  which  the  order  of  application 
was  quite  random.  This  was  Programme  !  1 .  The  results 
of  tests  using  this  programme  are  given  in  Table  14. 

These  results  arc  plotted  in  the  form  log  Sf^m?x  -  log 
N  in  Fig.  23.  The  regression  and  the  Miner's  law  lines 
calculated  for  this  scries  were  as  follows: 

log  Sj^max  =  3.04  -  0. 348  log  N  (Regression  line) 
log  Sj^max  =  2.90  -  0.359  log  N  (Miner's  law) 

The  results  are  seen  to  be  very  nearly  parallel  to  the 

n 

theoretical  line.  The  mean  value  of  £  —  can  therefore  be 

N 

calculated  and  was  3.6.  This  agrees  reasonably  with  the 
values  obtained  previously  for  D74S  material  using  an 
ordered  programme.  It  can  therefore  be  assumed  that  the 
effect  of  random  ordering  is  negligible.  The  results  of 
these  tests  may'  be  compared  in  the  figures  with  the  scatter 
band  for  D74S  material  obtained  using  Programme  1 .  It 
will  be  seen  that  the  constant  amplitude  behaviour  is  re¬ 
flected  hire  in  that  at  low  stress  ranges  the  H48  material 
gives  lower  lives  than  the  D74S  material,  while  the 
reverse  tends  to  be  true  at  high  stress  ranges. 


6,4,5,  Tests  using  programmes  parallel  to  the  constant 
amplitude  S-N  curve  .  In  an  attempt  to  explore  further  the 

reasons  for  the  high  values  of  £  ~  obtained  using  Programme 

1,  it  was  decided  to  carry  out  tests  using  a  programme 
parallel  to  the  constant  amplitude  S-N  curve,  i.e,  one  in 
which  the  number  of  cycles  at  any  load  level  was  proportional 
to  the  number  of  cycles  required  to  cause  failure  in  a  con¬ 
stant  amplitude  test  at  that  load  level. 

Two  important  factors  in  cumulative  damage  fatigue 
tests  are  the  effects  of  both  the  highest  and  the  lowest  stress 
levels  in  the  programme.  It  has  been  suggested  that  high 

values  of  £-  result  either  from  beneficial  residual  stresses 
N 

introduced  by  the  former  or  from  coaxing  as  a  result  of  the 
latter.  Studies  of  the  effect  of  the  extreme  stress  levels  in 
Programme  1  were  hampered  by  the  fact  that  neither  con¬ 
tributed  more  than  about  0.  3%  to  the  value  of 


10 


r  a 

-  T.  ♦  The  greatest  contribution  to  ibis  sum  came  from  the 

fcV 

70%  level  followed  fay  the  50%  and  80%  levels,  these  Usee 
providing  some  80%  of  the  total.  It  was  decided  that  this 
difficulty  could  be  overcome  by  using  a  spectrum  parallel 
to  the  S-N  curve  in  which  each  stress  level  would  contribute 

equally  to  the  value  of  £7..  Unfortunately  at  the  time  that 
N 

these  programmed  tests  were  started  all  the  constant  ampli- 
tube  data  for  H48  material  was  not  available.  The  spectrum 
used  was  parallel  to  the  constant  amplitude  cirvc  for  D74S. 
For  a  typical  specimen,  assuming  a  total  life  such  that 

=1,  values  of  —  at  each  stress  level  may  be  calcu- 

A  h 

lated,  firstly  where  N  is  the  life  determined  from  the  D74S 
constant  amplitude  results  and  secondly  where  it  is  based 
on  the  H48  results.  These  were  as  follows: 


Stress  level 

n 

—  (based  on  D74S) 

7  (based  on  H48) 
N 

100% 

0.064 

0.038 

90% 

0.087 

0.013 

80% 

0.096 

0.018 

70% 

0.095 

0.056 

60% 

0.104 

0.074 

50% 

0.102 

0.077 

40% 

0.106 

0.09S 

30% 

0.108 

0.120 

20% 

0.109 

0.172 

10% 

0.109 

0.277 

1.000 

1.000 

It  will  be  noted  that  the  values  of  —  remain  sensibly 

N 

constant  when  based  on  the  D74S  results  but  differ  quite 
markedly  when  based  on  the  K48  data.  The  results  quoted 
are  all  based  on  the  latter. 

The  results  for  Programmes  6,  7,  8,  9  and  10  are  all 
given  in  Table  IS  and  are  plotted  in  Fig.  24.  The  purpose 
of  these  tests  was  to  study  the  effect  of  the  absence  of  the 
highest  and  lowest  load  levels  on  the  endurances.  In  order 
to  make  any  meaningful  comparison,  it  is  necessary  in  this 
instance  to  give  the  endurance  in  terms  of  the  total  number 
of  programmes  survived  rather  than  the  total  number  of 
cycles.  Furthermore  the  values  of  stress  given  in  the  table 
and  plotted  in  the  figure  are  those  for  the  10054  stress  level 
although  in  Programme  7  and  8  this  stress  level  was  absent. 

Figure  24  shows  considerable  scatter  for  all  the  pro¬ 
grammes,  but,  in  spite  of  this,  it  is  possible  to  draw  some 
conclusions  from  the  results.  First  of  all,  it  is  quite  clear 
that  the  omission  of  the  two  lowest  levels  (Programme  10) 
brings  about  a  noticeable  reduction  in  the  number  of  pro¬ 
grammes  endured.  The  omission  of  the  top  two  levels 
(Programme  8)  would  also  seem  to  reduce  the  number  of 
programmes  survived,  but  to  a  much  less  marked  degree. 
With  ten  stress  levels  in  the  programme  (Programme  6)  a 


high  valise  of  (*  3.%  was  ootairwd.  In  a  programme 

with  only  one  stress  level  {j.e.  a  constant  amplitude  test) 
n 

obviously  —  —  would  be  equal  to  I.  This  suggests  that  a 
\ 

reduction  is  the  cumber  of  stress  levels  from  either  the  top 
or  the  bottom  of  the  programme  should  lead  to  a  reduction 
in  life.  This  is  borne  out  by  the  present  results,  but  it  is 
interesting  that  the  effect  of  the  removal  of  the  two  lower 
levels  is  so  much  more  marked  than  that  of  the  removal  of 
the  two  upper  levels.  Ths  result  would  seem  to  suggest  that 
it  could  be  coaxing  which  is  responsible  for  the  high  values 

n 

of  -  —  and  not  the  introduction  of  favourable  residual 

stresses  by  the  100%  load  level. 

It  is  interesting  to  note  that  specimens  2/PW10/1-4  are 
the  first  welded  specimens  in  the  whole  of  the  testing  pro- 

n 

gramme  for  which  a  value  of  £  — ■  <  1  has  been  recorded, 

N 

with  the  one  other  exception  of  specimen  2/PWT/2. 
Programmes  6,  7  and  8,  all  with  a  completely  different 
spectrum  to  the  quadratic  distribution  used  in  the  original 

work,  produced  consistently  high  values  of  £7,. 

N 

CONCLUSIONS 


1 .  In  the  high  cycle  range  welded  joints  in  high  strength 
AltZmMg  alloys  have  similar  fatigue  properties  to  the  same 
joints  in  lower  strength  aluminium  alloys. 

2.  Nevertheless,  the  ability  of  such  alloys  to  carry  occasion¬ 
al  stresses  which  would  be  above  the  static  allowable  stress 
for  lower  strength  materials,  means  that  under  variable 
amplitude  loading  they  can  be  employed  with  benefit. 

3.  The  work  has  shown  that  in  variable  amplitude  tests  using 
a  programme  based  on  a  quadratic  spectrum  the  Miner 
hypothesis  underestimates  the  life  of  welded  joints.  For 

n 

R  =  0  values  of  £  —  of  approximately  4  were  obtained. 

N 

4.  It  was  impossible,  by  changing  the  ordering  of  the 
programme  blocks,  to  produce  any  significant  variation  in 

_  n 

the  value  of  £7 . 

N 

5.  However,  changes  in  the  value  of  R  either  in  the 

positive  or  negative  direction  did  cause  reductions  in  the 

n  n 

value  of  £~.  However,  mean  values  of  £  —  were  still 
N  N 

greater  than  unity.  Only  one  welded  specimen  tested  using 

the  quadratic  spectrum  gave  a  value  of  £7  of  less  than 

N 

one.  This  spectrum  was  tested  with  R  =0.5. 

6.  For  welded  specimens  the  value  of  £-  was  reasonably 

N 

independent  of  stress.  This  was  not  the  case  for  notched 
specimens  for  which  high  stress  ranges  gave  high  values 

of  £-j^  (up  to  approximately  15)  whereas  low  stress  ranges 
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gave  low  values  (as  low  as  approximately  0.8) 

7.  Tests  carried  out  using  a  completely  different  spectrum 
parallel  to  the  constant  amplitude  S-N  ctxve  also  gave  con- 
n 

sistentlv  high  values  of  £~  .  These  tests  were  carried  out 

to  study  the  effects  of  the  lowest  and  highest  stress  ranges  in 
the  programme.  Omission  of  either  of  these  brought  about 

n 

reductions  in  the  value  of  I-  but  the  reduction  caused  by 

« 

omitting  the  lowest  stress  levels  was  the  greatest*  In  this 
n 

case  values  of  Z  7,  of  less  than  unity  were  obtained.  This 
N 

n 

suggests  that  the  high  values  of  E—  obtained  may  be  due 
to  coaxing. 
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APPENDIX  'A' 


TESTS  TO  DETERMINE  THE  INFLUENCE  OF  TEEPOL 


Dry  Air 


Teepol  Drip 


In  some  of  the  early  tests  the  onset  of 

fatigue  cracking  was,  on  occasions, 

detected  by  the  use  of  Teepol.  When  Environment 

the  susceptibility  of  the  alurninium- 

zinc -magnesium  alloy  D74S  to  stress  _ 

corrosion  cracking  was  realised,  it  was 

Air 

drought  that  the  use  of  this  substance 

could  have  had  a  deleterious  effect  ________ 

in  those  tests  in  which  it  was  used.  It  _ 

Dry  Air 

was  therefore  decided  to  investigate 

this  possibility. 

This  was  achieved  by  carrying 

out  fatigue  tests  on  welded  specimens  _ 

fabricated  from  D74S  material,  the  _  ,  _  . 

Teepol  Drip 

form  of  the  specimens  being  identi¬ 
cal  to  that  used  in  the  main  testing 

programme  (Fig.  lb).  The  tests  were  _________ 

made  under  programmed  loading 
using  Programme  1  (Fig.  3)  with 
lower  limit  stress  equal  to  zero. 

Two  specimens  were  tested  in  air,  four  specimens 
were  tested  with  the  weld  areas  sealed  in  a  polythene  bag 
containing  silica  gel  and  three  were  tested  with  a  con¬ 
tinuous  drip  of  Teepol  onto  the  weld  areas.  Hie  drip  con¬ 
sisted  of  a  mixture  of  25%  Teepol  and  75%  tap  water. 

These  tests  were  all  carried  out  with  Sr  max.,  the 
maximum  stress  range  in  the  programme,  approximately 
equal  to  11  tonf/in2.  In  order  to  be  able  to  compare  the 
results  a  corrected  value  of  N,  Nc,  was  calculated  for 
those  specimens  for  which  Sr  max.  differed  from 
11  tonf/in2.  This  corrected  value  was  calculated  from 
the  known  slope  of  the  original  log  Sr  max.  -  log  N 
curve.  For  each  environment  the  log  mean  value  of  Nc 
then  was  calculated. 

A  summary  of  the  results  obtained  is  shown  in  the 
following  table.  It  will  be  seen  that  whether  or  not  the 
air  was  dry  made  little  difference  to  the  value  of  die 
mean  endurance  but  that  the  continuous  drip  of  Teepol 
brought  about  a  very  marked  reduction  in  life. 

The  results  are  plotted  in  the  form  of  an  S-N  diagram 
in  Fig.  Al.  Clearly  Teepol  applied  continuously  from 
the  start  of  a  test  brought  about  a  marked  decrease  in  life. 
The  results  of  the  tests  in  air  may  be  compared  with  those 
of  the  original  tests.  In  the  original  tests,  Teepol  was 


Max.  stress, 
Sr  max., 
tonf/in2 


Cycles  to 
failure, 
N 


719, 370 
511,160 

440,000 
759,980 
580, 190 
999,  380 

156, 350 
199,270 
159,770 


Corrected  life 
for  Sr  max  - 
11  tonf/in2. 


719,370 
675,  300 

440,000 
759,  980 
639, 300 
1,030,000 

218,900 

199,270 

209,800 


Log  mean 
value  of 


696,900 


681,500 


209, 100 


used  on  some  specimens,  but  by  no  means  all,  and  when 
it  was  used  it  was  not  applied  until  a  number  of  cycles 
such  as  would  be  likely  to  have  caused  crack  initiation 
had  elapsed.  Although,  with  one  exception,  the  results 
for  tests  in  air  lie  above  the  best  fit  straight  line  from  the 
original  results,  so  in  this  region  of  the  curve  do  the 
original  results  themselves.  Indeed  it  was  at  one  time 
suggested  that  those  results  might  have  been  better  rep¬ 
resented  by  a  curve.  Only  one  of  the  present  results  lies 
well  above  the  scatter  band  of  the  original  tests. 

CONCLUSION 

Clearly  it  was  wrong  to  use  Teepol  as  a  method  of  detecting 
fatigue  crack  initiation  in  this  material.  However,  the 
results  do  not  appear  to  have  been  seriously  affected  by  its 
use  for  two  reasons: 

a)  It  was  not  used  on  all  the  original  specimens. 

b)  It  was  not  used  Until  a  considerable  portion  of  the  life 
had  expired. 

It  seems  likely  that  the  main  effect  of  a  continuous  Teepol 
drip  is  to  accelerate  fatigue  crack  initiation  and  that  its 
effect  on  crack  propagacion  is  less  significant. 
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APPENDIX  *B' 


RESIDUAL  STRESS  MEASUREMENTS 


Residual  stress  measurements  were  made  by  the  relaxation 
method  using  z  mechanical  gauge  measuring  between 
balls  hammered  into  the  surface  of  the  specimen.  The 
gauge  length  was  20  mm.  The  two  specimens  used  for 
these  measurements  were  identical  to  those  used  in  the 
fatigue  investigation.  The  layout  of  the  gauge  lengths  is 
shown  in  Fig.  2.  This  layout  of  gauge  lengths  enabled 
strains  to  be  measured  in  the  transverse  and  longitudinal 
directions.  Measurements  were  made  both  after  welding 
and  after  natural  ageing.  No  detectable  change  had 
occurred  during  the  ageing  period.  The  specimens  were 
then  slit  along  the  lines  shown  in  Fig.  B1  to  relieve  the 
stresses  and  measurements  of  the  resulting  strains  were 
made. 

The  results  of  the  residual  stress  measurements  are 
shown  in  Fig.  B2.  It  will  be  seen  from  this  diagram  that 
the  two  specimens  tested  produced  very  similar  results. 
The  mean  of  the  values  for  the  two  specimens  of  the 

APPENDIX  ’C’ 


compressive  strain  measured  near  the  edge  of  the  plate 
was  2,400  x  10”^  in/in,  equivalent  to  a  stress  of 
10.5  tom/in  .  The  mean  longitudinal  tensile  strain 
measured  near  the  edge  of  the  weld  was  1,000  x  10“®  in/in 
indicating  a  stress  of  4.5  tons/ in  .  If  we  assume  that  this 
stress  acts  throughout  the  weld  and  throughout  the  plate 
in  the  vicinity  of  the  weld  and  also  that  approximately 
half  of  die  tensile  force  in  the  weld  is  balanced  by  com¬ 
pression  in  the  gussets  we  find  a  close  agreement  between 
the  sums  of  the  tensile  and  compressive  forces.  This 
roughly  confirms  our  assumption  of  the  magnitude  of  the 
residual  stress  in  the  weld.  Further  confirmation  of  this 
comes  from  work  carried  out  for  MEXE  under  another 
contract  on  the  welding  of  aluminium -zinc -magnesium 
alloys  of  medium  strength.  Extrapolation  from  results 
reported  in  the  fifth  progress  report  of  that  contract  (C48/PR5) 
indicate  that  the  proof  stress  in  the  heat  affected  zone 
immediately  after  welding  might  be  of  the  order  of4-5  tons/in^. 


FATIGUE  CRACK  PROPAGATION  IN  AI:Zn:Mg  ALLOY 


1.  INTRODUCTION 

The  process  of  fatigue  failure  in  a  structural  component 
may  be  split  up  into  three  stages.  These  are  (a)  crack 
initiation,  (b)  crack  propagation  and  (c)  final  rupture, 
which  occurs  when  the  residual  material  cross  section  is 
insufficient  to  carry  the  applied  load,  hi  the  case  of  a 
welded  component  crack  initiation  occupies  only  a  small 
proportion  of  the  life,  the  remainder  being  propagation. 

Signes  et  al  Cl  shewed  that  very  sharp  slag  intrusions 
comparable  with  cracks,  may  remain  after  welding  in  the 
region  close  to  the  weld  which  did  not  melt  completely 
during  welding.  Although  these  findings  were  confined  to 
steels,  it  seems  likely  that  similar  defects  will  be  present 
in  welded  aluminium  alloy.  Assuming  that  this  is  true  it 
can  be  taken  that  cracks  or  crack-like  defects  are  already 
present  near  to  welds  before  any  loading  is  applied,  so 
that  the  initiation  stage  effectively  does  not  exist  and  the 
whole  test  is  concerned  with  crack  propagation. 

Therefore  as  an  extension  to  the  work  on  fatigue  testing 
of  welded  and  notched  AltZnrMg  alloy  specimens,  rates  of 
fatigue  crack  propagation  in  this  material  were  studied. 
This  was  done  by  observing  the  fatigue  crack  when  it  was 
propagating  across  the  plate,  having,  in  the  case  of  the 
welded  specimens,  first  propagated  through  the  thickness 
of  tire  plate. 

Fatigue  crack  propagation  was  also  studied  using  frac- 
tographic  techniques.  In  this  way  the  appearance  of  the 
fracture  surfaces  of  a  specimen  was  related  to  the  load 


spectrum  that  had  been  applied  to  the  specimen. 

The  data  obtained  was  analysed  on  a  fracture  mecha¬ 
nics  basis. 

2.  CRACK  PROPAGATION  STUDIES 

2.1.  Specimen  design  and  testing  details 

The  specimens  have  been  described  in  the  main  report. 
Both  notched  and  welded  specimens  were  used  in  the 
crack  propagation  studies,  tested  under  either  constant 
amplitude  loads  or  block  programmes  of  loading.  The  rate 
of  crack  propagation  was  measured  using  the  wire  grid 
technique.  The  grids  were  attached  to  the  plate  in  the 
regions  which  the  cracks  were  expected  to  traverse,  and 
as  the  crack  grew  it  caused  the  wires  on  the  grid  to  break. 
As  the  wires  broke  a  record  was  automatically  obtained 
of  the  number  of  cycles  undergone  by  the  specimen.  The 
wires  were  spaced  at  1/10  in.  intervals  for  a  distance  of 
1  in.  Figures  Cl  and  C2  show  the  positions  at  which  the 
grids  were  fixed,  for  the  welded  and  notched  specimens 
respectively.  Since  the  crack  propagation  work  was 
carried  out  on  specimens  already  being  tested  for 
obtaining  fatigue  life  data  die  loading  conditions  were 
identical  with  those  already  described  in  the  report. 

2.2.  Results. 

For  each  specimen  four  sets  of  crack  propagation  results 
were  obtained,  from  the  four  grids  covering  the  fracture 
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TABLES.  (Continued). 


Specimen 

no. 

Failure  at 

:: 

Stress 

range 

tonf/in- 

No.  of 
cycles 
at  stress 

n 

Cycles  to 

cause 

failure  at 

stress  N 

n_ 

N 

Z- 

N 

Total 
cycles 
x  1(£ 

Stage 

no. 

Load 

level 

c)  -  S  min 

=  +1.75 

PWT/1 

12 

90% 

14.0 

19 

2  230 

0.009 

12.6 

2  546 

3  160 

0.806 

11.2 

7  250 

.4  660 

1.555 

9.8 

18  710 

7  230 

2.587 

7.51 

0.248 

7.0 

41  760 

21  900 

1.907 

4.2 

72  980 

117  000 

0.624 

1.4 

104  800 

4.35  x  106 

0.024 

PWT/2 

34 

90 % 

12.0 

17 

3  710 

0.004 

10.8 

2  534 

5  250 

0.483 

9.6 

6  750 

7  730 

0.873 

8.4 

17  090 

12  000 

1.424 

4.18 

0.224 

6.0 

37  720 

36  300 

1.039 

3.6 

66  930 

195  000 

0.343 

1.2 

92  850 

7.23  x  106 

0.013 

PWT/3 

22 

90% 

10.25 

34 

6  230 

0.005 

9.2 

4  820 

8  890 

0.542 

8.2 

13  410 

13  000 

1.031 

7.2 

24  290 

19  900 

1.723 

4.98 

0.456 

S.l 

76  620 

61  900 

1.238 

3.1 

135  500 

318  000 

0.426 

1.0 

191  300 

1.32  x  107 

0.014 

PWT/4 

24 

90 % 

8.0 

83 

14  100 

0.006 

7.2 

11  661 

19  900 

0.586 

6.4 

32  060 

29  300 

1.094 

S.6 

82  000 

45  500 

1.802 

S.28 

1.114 

4.0 

183  900 

138  000 

1.332 

2.4 

326  000 

739  000 

0.441 

0.8 

460  200 

2.74  x  107 

0.014 

PW'T/5 

12 

90% 

6.0 

184 

36  300 

0.005 

5.4 

25  951 

51  300 

0.506 

4.8 

71  380 

75  600 

0.944 

4.2 

182  700 

117  000 

1.562 

4.57 

2.448 

3.0 

410  500 

355  000 

1.156 

1.8 

728  000 

1.90  x  106 

0.383 

0.6 

1029  000 

7.06  x  107 

0.015 

■5 


Es  (£c  cast  si  a  crack  length  dO.!  s.  ~  ' 

^— ■  iar  -  i.23  x  !C“*  a*.  Es  Es  work  on  eoa- 

!0  x  5CP 

propagating  fasigse  cracks  Hamaon  found  thts  tie 

S5.KI  — K 

Aresffold  mlae  ci  *“  *  C hat  Er  Che  valse  of  he&»s 

E  £ 

which  axis  w«dd  oofi  ccapagate,  *ns  between  1.5  x 
IC-*  m  -  rr»i  1.5  x  I0~*  a  -.  Therefore  tbe  £lW  Cr<* 
Bevel  wachi  have  predated  so  crick  paocagatara  a=s£  the 
crack  lengths  wax  a:  leaat  0.1  o,  S  =t  aao  IStJj  that  the 
changes  odssfie*  eecc rrmg  maptcgraimne  pcorfbce  mabr-tl 
sne*  as  tax'  ctk&  tag*,  which  might  easse  the  crack  » 
remain  stationary  for  a  {of  cyclto,  or  so  aedbrs r  tie  rate 
cf  crack  gawrtit. 

A  fartfcer  costrvatioc  r-i-V  using  the  scanmng  clec- 
eva  mforasrope  a*  s&owa  cat  Fig.  C9.  The  *ya s  the  presence 
og  traiVt  ssriafooas  wish:®  a  satataon  cassed  £7  tit  appH- 
e alien  of  one  load  cycle  in  a  ccaXut  isyltatV  specimen. 
Is  sf  tJsceght  that  6cx  sefc-ttriataose  at*  Ac  sane  x  dbaar 
exported  by  Tcadeas^*,  betas  canoed  by  ncrenseatal 
jljfyof  as  the  crack  trp  Aging  tbe  application  ot  a  tu$!e 
load  cycle.  Tbe  arearber  asi  spacras  og  t beat  su&— 
satiation*  wccld  depend  os  tbe  dactHiK  eg  tbe  ctKria!. 
Ass  the  jpacrag  of  the  strmos,  aad  mere  fete  (be 
distance  erecagifci  by  tie  crack  Axing  one  cycle,  »ssW 
depend  03  tbe  ^acbj  and  seedier  og  jab-ssrtMksrai  » 

(bat  tbe  rase  o I  crack  growth  is  diced-/  related  to  *be 
material  iartaitr.  Tfccae  observations  may  pence  so  be 
taeftu  is  fosse  «ok  oo  fat%at  crack  propagation. 

CONCLUSIONS 

Frost  tbe  crack  propagation  read  in  it  was  feesd  tbat  (be 

bscsn  mechanics  nectudi  was  applicable  is  examining 

tbe  molts.  It  was  found  sat  all  tie  remits  ajraeraaly 

da  4  _ 

obeyed  the  law  —  =  C  (— K)  ,  wbeieC  isa  constant.  Tbe 

valor  of  C  ia  tbe  constant  amplitude  test  results  differed 


fco-naha:  for  tbe  programmed  teas  cesdti.  i:  was  a  ho 
found  tbat  foe  e-aefc  of  tbe  two  sets  o i  melts  Ac  value  of 
C  dey-'ntstd  oc  tie  maxisnss  applied  stress  range.  I:  was 
this  hatter  varistion  fas  C  which  largely  dictated  the  width 

da 

of  tbe  leaner  basil  is  the  graphs  of  — .<■£■  K. 

do* 

As  exatsjareioc  of  tbe  fracture  scssaees  mrraled  cat 
fracaography  was  a  ereid  method  of  aaalyrmg  crack  pr> 
pugasam.  The  exisrcwtass  shewed  Skat  the  dark  markings 
that  appear  as  mtrreils  for  the  programme  lauded  specimen, 
cssrsraded  »srrh  timer  of  low  .tress  rs  the  programme,  with 
siow  crock  propagatfoss.  Cs  a  mictsiscnpt c  level  ts  was 
found  that  strrrcfoes  scene  at  each  cycle  of  foadbag  gar 
constant  amplrtadts  foudrd  speorotrs,  art!  prestnmrbly  for 
each  dsmaghsg  cycle  is  the  case  of  programme  hooded 
specimen.  The  scams  mg  electros  mitr  escape  examrsatnos 
a  ho  revealed  the  prereoce  si  sebstrirtions,  l&ocgfr  to  he 
named  by  mosemezszl  slipping  ts  the  ssaterral  at  the  trp 
of  a  propagate  g  crack. 
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TABLE  1.  Chemical  analytes 
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TABLE  4.  Proyammed  test  results  for  notched  specimens  of  D74S  (programme  1) 


Failure  at: 

Specimen  - 

no.  Stage  Load 

no.  level 


Stress 

range 

torJ/in“ 


No.  of 
cycles 
at  stress 
n 


Cycles  to 
cause 
failure  at 
stress  N 


n 


N 


V  u_ 

"n 


Total 
cycles 
x  1C6 


a)  S  min  =  -2,0  touf/in7 
PNA/1  44  90K 


PNA/2  26  7 OK 


PNA/3  24  90K 


b)  S  min  =  0 

PN/1  34  90K 


PN/2  24  90K 


PN/3  22  90K 


PN/4  34  90K 


12.7 

11.4 

4 

10.2 

11 

8.9 

29 

6.3 

64 

3.8 

114 

1.3 

160 

9.5 

8.5 

6 

7.6 

17 

6.6 

43 

4.7 

96 

2.8 

171 

1.0 

241 

6.7 

6.0 

24 

5.3 

67 

4.7 

171 

3.3 

385 

2.0 

683 

0.7 

964 

29 

164 

t 

410 

2 

020 

6 

500 

73 

600 

2.78  x 

100 

6.24  x 

44 

3 

253 

8 

080 

18 

240 

52 

700 

601 

200 

2.5  x 

700 

4.1  x 

173 

46 

470 

104 

040 

253 

500 

601 

000 

7.66  x 

300 

2.81  x 

500 

5.36  x 

470 

0.062 

020 

4.082 

280 

5.004 

080 

4.772 

100 

0.883 

10® 

0.041 

109 

- 

810 

0.012 

470 

0.738 

900 

0.903 

300 

0.827 

000 

0.161 

107 

0.007 

ion 

- 

900 

0.001 

000 

0.235 

000 

0.265 

000 

0.285 

106 

0.050 

108 

0.002 

1011 

- 

14.84  0.384 


2.6S  0.576 


0.84  2.296 


13.5 

14 

650 

0.021 

12.2 

2  014 

1  100 

1.831 

10.8 

5  580 

2  090 

2.670 

9.4 

14  110 

4  300 

3.280 

6.7 

31  020 

25  100 

1.236 

4.0 

55  020 

368  000 

0.150 

1.3 

76  050 

1.28  x  108 

- 

10.8 

29 

2  080 

0.014 

9.7 

4  032 

3  650 

1  105 

8.6 

11  080 

6  830 

1.622 

7.6 

28  330 

13  000 

2.179 

5.4 

63.210 

77  100 

0.820 

3.2 

111  600 

1.18  x  106 

0.095 

1.1 

157  700 

3.06  x  108 

0.001 

9.5 

40 

4  070 

0.010 

8.5 

5  630 

7  260 

0.775 

7.6 

IS  740 

13  000 

1.211 

6.6 

40  260 

27  100 

1.485 

4.7 

90  020 

159  000 

0.566 

2.8 

159  300 

2.36  x  106 

0.067 

1.0 

224  900 

5.03  x  108 

- 

7.S 

62 

13  900 

0.004 

6.8 

8  800 

23  200 

0.379 

9.19 


0.184 


5.84 


0  376 


4.11 


0.536 
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TABLE  4.  (Continued) 


Specimen 

no. 

Failure  at: 

Stress 

range 

loaf/in^ 

So.  of 
cycles 

at  stress 

r. 

Cycles  to 

cause 

failure  at 

stress  N 

n 

S 

I— 

X 

Total 
cycles 
x  ICP 

Stage 

no 

Lead 

level 

b)  S  min  = 

0  (Continued) 

6.0 

24  240 

44  500 

0.545 

5.3 

61  820 

85  000 

0.727 

3.6 

13S  300 

431  COO 

0.2S7 

1.96 

C.S24 

2.2 

245  600 

6.57  x  106 

0.037 

0.75 

345  G0C 

2.25  x  109 

- 

PN/5 

44 

70~ 

6.0 

165 

44  SCO 

0.004 

5.4 

23  320 

77  100 

0.302 

4.8 

64  130 

142  000 

0.452 

4.2 

163  600 

286  000 

0.572 

1.58 

2.191 

3.0 

367  200 

1.65  x  1G6 

0.223 

1.8 

6S2  000 

2  35  x  107 

0.028 

0.6 

920  400 

7.19 x  109 

- 

c)  S  min  = 

+2.5 

PNT/1 

22 

90% 

11.8 

13 

2  160 

0.006 

10.6 

1  844 

3  140 

0.587 

9.4 

5  250 

4  770 

1.100 

8.3 

13  420 

7  360 

1.823 

5.11 

0.176 

5.9 

29  690 

24  100 

1.232 

3.5 

52  ion 

149  000 

0.350 

1.2 

73  650 

6.21  x  106 

0.012 

PNT/2 

44 

70% 

9.0 

18 

5  550 

0.003 

8.1 

2  544 

8  000 

0.318 

7.2 

7  000 

12  100 

0.578 

6.3 

17  740 

19  200 

0.924 

2.64 

0.231 

4.5 

38,740 

6:  100 

0.624 

2.7 

68.460 

368  000 

0.1S6 

0.9 

96  850 

1.69  x  107 

0.006 

PNT/3 

12 

90% 

5.8 

76 

25  600 

0.003 

5.2 

10  610 

37  500 

0.283 

4.6 

29  400 

57  500 

0.511 

4.1 

75  360 

85  90C 

0.877 

2.43 

1.00S 

2.9 

169  100 

287  000 

0.589 

1.7 

299  300 

1.85  x  106 

0.162 

0.6 

424  200 

6.95  x  107 

0.006 
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TABLE  5.  ftoyaasiatd  test  tto!k  fer  «tUcd  s^ctsrs  of  D7-tS  poyiece  !}. 


Speciaea 

33- 

Fsibzt  ak 

Skat 

rang* 

xasSJis? 

No.  oi 
cycles 

at  eta 

Cjrcht  co 

ca=s e 

blist  at 

Om  X 

N 

“s 

Total 

cycks 

X  ItP 

Sbjt  Load 

a).  Sm! 

a)  - S  sda 

=  -1.25  toef/is^ 

JWA/i 

13  SOS 

13.0 

25 

SOSO 

G.C0S 

11.7 

3  913 

7  470 

0.524 

1G.4 

10  7-«0 

•1  500 

0.934 

9.1 

27  650 

IS  500 

1.457 

4.19 

0.365 

6-5 

61  550 

63  700 

0.971 

3.9 

106  700 

411  COO 

0.265 

1.3 

155  300 

2.27  a  10? 

0.007 

PWA/2 

3  SOS 

11.5 

57 

7  940 

0.007 

10.3 

8  05* 

It  900 

C.677 

9.2 

22  2SG 

17  900 

1.242 

8.0 

57  060 

29  500 

1.917 

5.31 

0.751 

5.7 

127  900 

103  000 

1.242 

3.4 

226  390 

1.07  x  10s 

0.213 

1.2 

319  4C0 

3.03  x  id7 

0.011 

Wa/3 

25  SOS 

10.0 

6S 

13  200 

0.005 

9.0 

9  221 

19  400 

0.475 

8.0 

25  200 

29  800 

0.846 

7.0 

64  110 

48  600 

1.319 

3.75 

0.855 

5.0 

143  700 

166  000 

0.865 

3.0 

254  500 

1.07  x  106 

0.238 

1.0 

359400 

5.90  x  1 07 

0.006 

b)  -  S  min 

=  0 

PW/1 

34  90S 

14.0 

1) 

3  360 

0.003 

12.6 

1  590 

6  250 

0.244 

11.0 

4  410 

7  390 

0.597 

\0 

bo 

11  120 

11  800 

0.c-*3 

2.60 

0.144 

7.0 

24  320 

38  900 

0.625 

4.2 

43  110 

236  000 

0.183 

1.4 

59  240 

1.15  x  107 

0.006 

FtV/lS 

24  90S 

13.3 

26 

4  020 

0.006 

12.0 

3  696 

S  790 

0.630 

10.7 

9  911 

8  680 

1.142 

9.3 

25  355 

14  200 

1.7S6 

5.17 

0.336 

6.7 

56  497 

45  400 

1.244 

4.0 

99  755 

281  000 

0.355 

1.3 

140  882 

1.49  x  107 

0.009 

PW/2 

22  90S 

13.0 

16 

4  360 

0.004 

11.7 

2  288 

6  330 

0,361 

3.03 

0.216 

10.4 

6  110 

9  600 

0.668 

9.1 

It  400 

15  400 

1.065 

6.5 

36  390 

50  500 

0.721 

3.9 

64  COO 

307  000 

0.208 

1.3 

90  460 

1.49  x  107 

0.006 
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TA3LE  S.  (Corciaued), 


Sptcisea 

no. 

Fa  i  hire  at: 

Stress 

range 

tonf/in^ 

No.  of 
cycles 

at  stress 

n 

Cycles  to 

cause 

failure  at 

stress  N 

n 

N 

v  — 

“  N 

Total 

cycles 
x  106 

Stage 

33. 

load 

level 

b»  -  S  rain 

=  0  {Continued). 

PW/3 

22 

904 

12.0 

31 

3  790 

0.005 

10.8 

4  348 

£  400 

0.518 

9.6 

12  240 

12  700 

0.964  • 

S.9 

31  310 

20  400 

1.535 

4.38 

0.416 

6.0 

69  310 

67  000 

1.043 

3.6 

123  600 

4  OS  COO 

0.303 

1.2 

174  500 

1.98  x  107 

0.008 

PW/16 

25 

8054 

11.9 

35 

5  960 

0.006 

10.7 

5  005 

S  680 

0.577 

9.5 

13  438 

13  200 

1.018 

S.3 

34  304 

21  300 

1.611 

6.0 

76  606 

67  000 

1.143 

4.70 

0.456 

3.6 

135  465 

408  000 

0.332 

1.2 

191  306 

1.98  x  10' 

0.010 

PW/4 

12 

9054 

10.5 

46 

9  280 

0.005 

9.5 

6  362 

13  200 

0.482 

8.3 

17  740 

21  300 

0.833 

7.4 

45  540 

32  000 

1.423 

3.93 

0.611 

5.3 

102  000 

104  000 

1.072 

2.9 

198  000 

875  000 

0.226 

0.7 

277  700 

1.33  x  108 

0.002 

PW/5 

34 

9054 

10.5 

50 

9  280 

0.005 

9.S 

7  172 

13  200 

0.543 

8.3 

19  570 

21  300 

0.919 

7.4 

49  890 

32  000 

1.559 

4.33 

0.664 

S.3 

111  500 

101  ooc 

1.072 

2.9 

198  000 

875  000 

0.226 

0.7 

277  700 

1.33  x  108 

0.002 

PW/17 

24 

9094 

9.8 

74 

11  800 

0.006 

8.8 

10  512 

17  300 

0.608 

7.8 

28  567 

26  500 

1.078 

6.9 

73  083 

90  900 

1.786 

5.02 

0.976 

4.9 

16  3  745 

137  000 

1.195 

2.9 

409  810 

3.77  x  107 

0.011 

PW/6 

24 

9094 

9.S 

77 

13  200 

0.006 

8.3 

10  816 

21  -oO 

0.508 

7.4 

29  730 

32  000 

0.929 

6.8 

76  040 

43  100 

1,764 

4.63 

1.016 

4.7 

170  500 

159  000 

1.072 

2.9 

302  200 

875  000 

0.345 

0.7 

426  600 

1.33  x  10& 

0.003 

PW/7 

34 

9094 

9.S 

53 

13  200 

0.004 

8.3 

7  616 

21  300 

0.357 

7.4 

20  740 

32  000 

0.648 

6.8 

52  870 

43  100 

1.227 

3.22 

0.704 

21 


TABLE  5.  (Continued) 


Specimen 

no. 


Failure  at: 

Stage  Load 

no.  level 


Stress 

range 

tonf/in2 


No.  of 
cycles 
at  stress 
n 


Cycles  to 
cause 
failure  at 
stress  N 


n 

N 


Total 

cycles 

*6 


PW/9  23  100% 


PW/10  22  90% 


PW/18  13  80% 


PW/11  3  80% 


FW/12  13  80% 


4.7 

118  200 

159  000 

0.743 

2.9 

209  900 

875  000 

0.240 

0.7 

294  500 

1.33  x  108 

0.002 

9.S 

70 

13  200 

0.005 

8.5 

9  858 

19  200 

0.513 

7.6 

27  230 

29  100 

0.936 

6.6 

69  800 

46  600 

1.498 

4.7 

157  100 

153  000 

1.027 

2.8 

278  400 

931  000 

0.299 

0.9 

393  000 

4.52  x  107 

0.009 

8.0 

86 

18  100 

0.005 

7.2 

12  084 

35  200 

0.343 

6.4 

33.230 

53  300 

0.623 

5.6 

84  990 

85  600 

0.993 

4.0 

190  600 

281  000 

0.678 

2.4 

337  900 

1.71  x  106 

0.198 

0.8 

477  000 

8.29 x  107 

0.006 

7.0 

154 

38  900 

0.004 

6.3 

21  732 

56  400 

0.385 

5.6 

60  050 

85  500 

0.702 

4.9 

153  600 

137  000 

1.121 

3.5 

344  800 

450  000 

0.766 

2.1 

oil  900 

2.74  x  106 

0.223 

0.7 

863  600 

1.33  x  108 

0.006 

6.9 

289 

40  900 

0.007 

6.2 

41  003 

59  800 

0.686 

5.5 

112  346 

91  100 

1.233 

4.8 

287  204 

147  000 

1.959 

3.4 

645  029 

499  000 

1.293 

2.1 

1144  S85 

2740  000 

0.418 

0.7 

1617  568 

1.33  x  108 

0.012 

6.2 

519 

5  970 

0.009 

5.6 

73  352 

8  S50 

0.858 

4.9 

201  947 

13  700 

1.474 

4.3 

516  286 

21  700 

2.379 

3.1 

1160  313 

69  700 

1,679 

1.9 

2060  420 

3.90  x  106 

0.528 

0.6 

2907  784 

2,29 x  108 

0.013 

S.5 

586 

91  400 

0.006 

5.0 

82  786 

128  000 

0.647 

4.3 

227  740 

218  000 

1.045 

3.9 

582  305 

307  000 

1.897 

2.8 

1303  821 

990  000 

1.322 

1.6 

2323  975 

7.22  x  1C6 

0.322 

0.6 

3281  560 

2.29  x  108 

0.014 

4.29  0.935 


2.85  1.135 


3.21  2.056 


6.60  3.848 


6.94  6.92 


5.25  7.81 
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TABLE  5.  (Continued) 


Specimen 

no. 

Failure  at 

:: 

Stress 

range 

tonf/in~ 

No.  of 
cycles 
at  stress 

n 

Cycles  to 

cause 

failure  at 

stress  N 

IL 

N 

£ii 

N 

Total 
cycles 
x  106 

Stage 

no. 

Load 

level 

c)  -  S  miu 

=  +1.75 

PWT/1 

12 

90* 

14.0 

19 

2  230 

0.009 

12.6 

2  546 

3  160 

0.806 

11.2 

7  250 

.4  660 

1.555 

9.8 

18  710 

7  230 

2.587 

7.51 

0.248 

7.0 

41  760 

21  900 

1.907 

4.2 

72  980 

117  000 

0.624 

1.4 

104  800 

4.35  x  106 

0.024 

PWT/2 

34 

90* 

12.0 

17 

3  710 

0.001 

10.8 

2  534 

5  250 

0.483 

9.6 

6  750 

7  730 

0.873 

8.4 

17  090 

12  COO 

1.424 

4.18 

0.224 

6.0 

37  720 

36  300 

1.039 

3.6 

66  930 

195  000 

0.343 

1.2 

92  850 

7.23  x  106 

0.013 

PWT/3 

22 

90% 

10.25 

34 

6  230 

0.005 

9.2 

4  820 

8  890 

0.542 

8.2 

13  410 

13  000 

1.031 

7.2 

24  290 

19  900 

1.723 

4.98 

0.456 

5.1 

76  620 

61  900 

1.238 

3.1 

135  500 

318  000 

0.426 

1.0 

191  300 

1.32  x  107 

0.014 

PWT/4 

24 

90% 

8.0 

83 

14  100 

0.006 

7.2 

11  661 

19  900 

0.586 

6.4 

32  060 

29  300 

1.091 

5.6 

82  000 

45  500 

1.802 

5.28 

1.114 

4.0 

183  900 

138  000 

1.332 

2.4 

326  000 

739  000 

0.441 

0.8 

460  200 

2.74  x  107 

0.014 

PWT/5 

12 

90% 

6.0 

184 

36  300 

0.005 

5.4 

25  951 

51  300 

0.506 

4.8 

71  380 

75  600 

0.944 

4.2 

182  700 

117  000 

1.562 

4.57 

2.448 

3.0 

410  500 

355  000 

1.156 

1.8 

728  000 

1.90  x  106 

0.383 

0.6 

102  9  000 

7.06  x  107 

0.01S 
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TABLE  6.  Programmed  test  results  for  welded  specimens  of  D74S  (programme  1  with  10*  load  levels  omitted). 


Specimen 

no. 


Failure  at: 


Stage  Load 

no.  level 


Stress 

range 

tonf/in^ 


No.  of 
cycles 
at  stress 
n 


Cycles  to 
cause  n_ 

failure  at  N 

stress  N 


Total 
cycles 
x  106 


FW/13 


PW/14 


45 


24 


6.0 

369 

67  000 

0.006 

5.4 

52  152 

97  300 

0,536 

4.8 

143  419 

147  000 

0.976 

4.2 

366  786 

236  000 

1.554 

3.0 

822  393 

776  000 

1.060 

1.8 

1461  930 

4720  000 

0.310 

5.4 

506 

97CC0 

0.005 

4.9 

71  537 

137  000 

0.522 

4.3 

196  471 

218  000 

0.901 

3.8 

502  467 

337  000 

1.491 

2.7 

1127  802 

1130  000 

0.998 

1.6 

2005  335 

7220  000 

0.0?8 
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TABLE  7.  Programmed  test  results  for  welded  specimens  of  D74S  (programme  2  -  slow  rise/rapid  fall) 


I 


r 


k 

i 


Specimen 

no. 


Failure  at; 


Stage  Load 

no.  level 


Stress 

range 

tonf/in^ 


No.  01 
eye’  s 
at  stress 
n 


Cycles  to 
cause  n_ 

failure  at  N 

stress  N 


rlL 

“N 


Total 
cycles 
x  106 


PW2/1 


PW2/2 


PW2/3 


PW2/4 


PW2/5 


FW2/6 


34  90*  14. S 

13.0 
11.6 
10.2 

7.2 

4.3 

1.5 

12.0 

10.6 

9.6 

8.4 

6.0 

3.6 

1.2 

9.7 

8.7 

7.8 

6.8 

4.9 

2.9 

1.0 

8.0 

7.2 

6.4 

5.6 
4.0 

2.4 

0.8 

6.6 

5.9 

5.3 

4.6 

3.3 
2.0 
0.7 

12  90*  6.6 

5.9 

5.3 

4.6 

3.3 
2.0 
0.7 


17 

2  970 

2  518 

4  360 

6  745 

6  520 

17  017 

10  300 

37  151 

35  200 

65  460 

217  000 

92  844 

8.98  x  106 

46 

5  790 

6  501 

8  400 

17  962 

12  700 

45  954 

20  400 

102  377 

67  000 

181  650 

408  000 

256  124 

1.98  x  107 

93 

12  300 

13  144 

18  000 

36  336 

26  500 

93  242 

43  100 

209  239 

137  000 

372  210 

875  000 

525  052 

3.77  x  107 

148 

24  200 

20  917 

35  200 

57  606 

53  300 

147  378 

85  500 

330  368 

281  000 

586  590 

1.71  x  106 

827  596 

8.29  x  107 

314 

47  900 

44  378 

71  100 

122  111 

104  000 

312  235 

164  000 

700  748 

554  000 

1.245  x  106 

3.25  x  106 

1.757  x  106 

1.33  x  108 

402 

47  900 

56  863 

71  100 

156  716 

104  000 

400  773 

164  000 

900  034 

554  000 

15  9  8  940 

3250  000 

2256  273 

1.33  x  108 

0.006 

0.577 

1.035 

1.652  4.64  0.221 

1.055 
0.302 
0.101 

0.008 

0.774 

1.414  6.43  0.611 

2.253 

1.528 

0.445 

0.013 

0.008 

0.730 

1.373  6.24  1.249 

2.163 

1.528 

0.425 

0.014 

0.006 

0.594 

1.081  4.93  1.971 

1.724 

1.176 

0.343 

0.010 

0.007 

0.624 

1.174  5.37  4.181 

1.904 

1.269 

0.388 

0.013 

0.008 

0.800 

1.507 

2.444  6.89  5.370 

1.625 

0.492 
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TABLE  8.  Results  of  tests  with  programme  3  fapid  rise/slow  fall)  on  welded  specimens  of  D74S 


Specimen 

no. 

PW3/1 


PW3/2 


PW3/3 


PW3/4 


FW3/S 


Failure  at: 

Stress 

S'o.  of 

Cycles  to 

Total 

cycles 

cause 

n 

n 

Stage 

Load 

range 

tonf/in^ 

at  stress 

failure  at 

\r 

V  — 

~  Nf 

cycles 
x  106 

no. 

level 

n 

stress  N 

24 

90% 

11,2 

50 

7  390 

0.007 

10.1 

7  005 

10  500 

0.661 

9.0 

19  129 

16  000 

1.196 

7.9 

4  9  046 

25  400 

1.931 

5.48 

0.656 

5.6 

110  267 

85  600 

1.288 

3.4 

195  015 

499  000 

0.391 

1.1 

275  332 

2.69  x  107 

0.010 

35 

9054 

10.0 

96 

11  000 

0.009 

9.0 

13  513 

16  000 

0.8^5 

8.0 

36  840 

24  200 

1.523 

7.0 

94  238 

38  900 

2.423 

6.95 

1.261 

5.0 

211  714 

128  000 

1.654 

3.0 

375  120 

776  000 

0.483 

1.0 

529  852 

3.77 x  107 

0.014 

44 

80% 

9.6 

108 

12  700 

0.009 

8.6 

15  264 

18  800 

0.812 

7.7 

41  847 

27  800 

1.505 

6.7 

106  627 

45  400 

2.349 

6.82 

1.430 

4.8 

239  427 

146  000 

1.640 

2.9 

425  760 

875  000 

0.487 

1.0 

601  084 

3.77  x  107 

0.916 

4 

70% 

8.7 

153 

18  000 

0.009 

7.8 

21  624 

26  500 

0.816 

7.0 

59  716 

38  900 

1.535 

6.1 

152  21? 

63  200 

2.408 

6.96 

2.040 

4.4 

241  972 

200  000 

1.710 

2.6 

607  410 

1290  000 

0.471 

0.9 

857  208 

5.47  x  107 

0.016 

36 

80% 

7.6 

243 

29  100 

0.008 

6.8 

34  344 

43  IOC 

0.797 

6.1 

93  99 9 

63  200 

1.487 

5.3 

240  356 

104  000 

2.311 

a  771 

3.8 

540  161 

337  000 

1.603 

0.  /U 

5,  ccl 

2.3 

95  9  710 

1990  000 

0.482 

0.8 

1353  444 

8.29 x  107 

0.016 

26 


TABLE  9.  Roah  cf  tut  Kid  ^optasat  4  fretiai  rig/dar  till)  sa  wttiri  tytdatae  cf  Q7tf. 


Spcciata 

no. 


fiikn  at: 


Sct^:  iouKf 

30.  Strcl 


Secs 

rsat^e 

tssS/is^ 


So.  of 
cycle*  as 
fits 


QfsSoto 

qfflBt 

£ki5xe  as 
jstn  !i 


TeCa! 
eycks 
*  3^ 


PW4/1  2 


FW4/2  2 


90S 


90S 


10.0 

104 

11  goo 

0.009 

9.0 

14  *54 

16CCO 

0.335 

3.0 

3$  473 

24  2SO 

B.5SO 

7.0 

54  40; 

S3  SCO 

2.533 

5.0 

221  157 

12SCC0 

1.723 

3.0 

233  035 

775  SCO 

O.SOS 

•« 

1 

Q 

St  720 

2.77  *  liP 

0.015 

6.5 

2S 

40  502 

0.056 

5.2 

35  736 

59  300 

O.S96 

S.S 

97  544 

31  -Kir, 

1  022 

4.S 

2SQ45S 

147  000 

1.704 

3.4 

S3  G52 

455  cae* 

1.12S 

2.1 

1000  440 

2740  000 

0_3eS 

0.7 

1412  019 

1.43  x  10s 

0.011 

1.330 


3  MO 
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'Trs-if  S  Jt&swr  nK/nai»!  tiG)  ere  sytctrrcres  oJ  D7iS. 


TAKE  11.  o f 1 m  «B9|  [M^assae  1  fcasic  ptognrct)  os  wcl&si  mcists  of  H45  caisiil. 


Sjtdrte 

30. 

rsijlt 

atr 

Sans 

rxapt 

so=£/isr 

Sc.  of 
cycles 

r.  co! 

s 

Cycles  to 

otse 

faskze  at 

cross  S 

s 

K 

3 

V  — 

~  N 

Total 
cycles 
x  1GP 

tojc 

30. 

bod 

irrel 

2/&S/1 

21 

7tr~. 

S.2 

106 

22  230 

0.003 

7.4 

14  946 

32  250 

0.320 

6.6 

41  230 

43  910 

0.632 

S.7 

ICS  577 

75  3j0 

1.121 

3.51 

1.415 

4.1 

237  513 

257  400 

0.965 

2.5 

421  305 

1.566  x  10 P 

0.420 

o.s 

594  696 

7.595 z  107 

0.028 

2.W/2 

13 

90% 

S.2 

-06 

22  230 

0.003 

7.4 

14  &43 

32  250 

0.320 

6.6 

41  060 

4S  910 

0.630 

5.7 

1(5  1S3 

75  390 

1.120 

3.50 

1.403 

4.1 

236  IS! 

257  400 

0.960 

2.5 

418  375 

1.S66  *  10s 

0.419 

O.S 

592  2S0 

7.S9S  x  107 

0.02S 

2/rw/i 

12 

iCOK 

s.o 

142 

24  250 

9.001 

7.2 

19  528 

35  210 

0.396 

6.4 

55  052 

S3  350 

0.726 

5.6 

140  969 

85  530 

1.400 

4.30 

1.S8S 

4.0 

316  629 

2SOSOO 

1.231 

2.4 

561  295 

1.708  x  106 

0.525 

0.8 

793  976 

8.287  x  106 

0.035 
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TABLE  12.  Programmed  test  result*  few  welded  specimen  of  H48  (programme  1.  R  =  +  0.5). 


Specimen 

Failure  at 

: 

Stress 

No.  of 
cycles 

Cycles  to 

Total 

range? 

cause 

n 

r  n 

no. 

Stage 

Load 

at  stress 

failur':  at 

N 

~  N 

cycles 
„  £ 

level 

tonf/sn 

x  10 

no. 

n 

stress  N 

2/PWT/l 

25 

90 % 

11.62 

8 

6  530 

0.001 

10.  M 

1  043 

S  120 

0.128 

9.66 

2  885 

7  405 

12  700 

0.227 

1.04 

0.096 

8.44 

20  700 

0.357 

6.16 

16  226 

64  600 

0.251 

2.82 

28  227 

362  000 

0.077 

1.38 

39  996 

14.3  x  106 

0.003 

2/PWT/2 

24 

100% 

11.59 

5 

6  600 

0.001 

10.45 

624 

9  590 

0.065 

9.31 

1  731 

14  600 

0.119 

0.53 

0.056 

8.17 

4  443 

23  300 

0.191 

5.82 

9  545 

79  400 

0.120 

3.56 

16  337 

468  000 

0.035 

1.26 

23  201 

19.9  x  106 

0.001 

2/PWT/3 

23 

90% 

9.80 

28 

12  100 

0.002 

9.37 

3  929 

14  200 

0.276 

8.40 

10  963 

21  100 

0.520 

2.53 

0.376 

7.41 

26  658 

33  300 

0.844 

5.60 

60  129 

91  200 

0.690 

3.73 

107  010 

596  0C0 

0.187 

1.46 

ISi  128 

11.7  x  106 

0.013 

2/PWT/4 

13 

90% 

9.01 

49 

16  400 

0.002 

8.16 

6  662 

23  400 

0.284 

7.27 

18  712 

48  201 

35  500 

0.526 

2.64 

0.648 

6.32 

58  900 

0.818 

4.90 

108  432 

148  000 

0.734 

3.15 

191  761 

728  000 

0.263 

1.28 

272  668 

18.8  x  106 

0.014 

2/PV/T/5 

3 

80% 

7.96 

66 

25  600 

0.002 

7.32 

9  152 

34  700 

0.264 

6.58 

25  396 

50  900 

0.498 

2.56 

0.881 

5.74 

65  562 

83  400 

0.786 

4.19 

147  502 

260  000 

0.567 

2.57 

261  580 

1.52  x  106 

0.172 

0.93 

369  424 

59.7  x  106 

0.006 

2/PWT/6 

23 

90% 

7.38 

73 

33  600 

0.002 

6.75 

10  119 

46  400 

0.218 

6.09 

28  273 

67  400 

0.419 

2.13 

0.976 

5.32 

72  567 

110  000 

0.661 

4.12 

163  208 

276  000 

0.591 

2.68 

289  807 

1,31  x  106 

0.222 

1.26 

403  008 

19.4  x  106 

0.021 

2/PVVT/7 

13 

90% 

6.66 

85 

48  700 

0.002 

6.10 

11  714 

64  600 

0.181 
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TABLE  12.  (Continued) 


Specimen 

no. 

Failure  at: 

Stage  Load 

no,  level 

Stress 

range 

tcnf/in^ 

No.  of 
cycles 

at  stress 

n 

Cycles  to 

cause 

failure  at 

stress  N 

n 

N 

n 
r  — 

“N 

Total 

cycles 

xlO6 

2/PWT/7 

5.43 

22  560 

102  000 

0.221 

1,63 

1.12S 

(continued) 

4.88 

83  745 

150  000 

0.558 

3.71 

188  601 

403  000 

0.468 

2.47 

334  441 

1.75  x  106 

0.191 

0.39 

474  172 

47.6  x  106 

0.C10 

2/PWT/8 

27  7 OK 

S.12 

170 

126  000 

0.001 

4.72 

23  607 

169  000 

0.139 

4.18 

65  372 

262  000 

0.249 

3.77 

167  608 

377  000 

0.444 

1.35 

2.257 

2,86 

377  000 

1.03 x  106 

0.36S 

1.88 

670  287 

4.70  :t  106 

0.143 

0.91 

946  764 

64.6  x  106 

0.014 

2/PWT/9 

13  90M 

4.53 

352 

196  000 

0.002 

4.13 

48  708 

274  000 

0.178 

3.72 

135  266 

400  000 

0.338 

1.81 

4.688 

3.32 

347  363 

603  000 

0.576 

2.53 

783  213 

1.61  x  106 

0.487 

1.71 

1.39 x  106 

6.62  x  106 

0.211 

0.81 

1.97  x  106 

98.3  x  106 

0.020 

2/PWT/10 

13  909s 

3.82 

435 

363  000 

0.001 

3.49 

60  320 

503  000 

0.120 

3.12 

167  330 

746  000 

0.224 

1.26 

5.794 

2.83 

425  490 

1.07  x  106 

0.400 

2.18 

968  745 

2.75  x  1G7 

0.352 

1.46 

1.72  x  106 

11.7  x  106 

0.147 

0.75 

2.43  x  106 

130  x  106 

0.019 
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TABLE  13.  ftopssatd  US  rtsskt  for  welded  Jptcisua  o:  WS  (yroy-nsgt e  1.  ft  -  -l). 


— 

Specimen 

no. 

Failure  at: 

Stage  Load 

no.  level 

Stress 

nr^c 

tod/  1ST 

So.  ci 
cycle* 

at  sSta 

Cytltt  to 

eatse 

ijikrv  at 

itreu  S 

3 

%m 

~N 

Tata! 

:yc!« 

x  10C 

2/FWA/l 

24 

ICO* 

15.2 

26 

14  500 

0.002 

13.9 

3  536 

IS  600 

0.190 

12.4 

9SG9 

25  700 

0.382 

10.9 

25  177 

36  SCO 

0.6S4 

2.11 

0.336 

7.74 

56  312 

800 

0.587 

4.51 

99  567 

408  COO 

0.244 

1.62 

140  74S 

7.59  *  105 

0.018 

2/PWA/2 

52 

50* 

14.2 

36 

17  600 

G.C02 

12.8 

4  992 

23  500 

0.213 

11.3 

13  S4S 

33  300 

0.416 

10.0 

35  544 

46  500 

0.759 

2.41 

0.4S0  ! 

7.14 

S0  095 

120  000 

0.667 

1 

4.48 

142  6S0 

442  000 

0.323 

j 

1.77 

201  504 

5.93  x  10<> 

0.031 

2/PWA/3 

25 

90* 

14.3 

38 

17  500 

0.002 

12.78 

5  326 

18  600 

C.285 

11.28 

14  425 

33  500 

0.431 

2.55 

0.496 

9.  98 

37  025 

47  100 

0.786 

7.10 

83  036 

122  000 

0.581 

4.46 

147  127 

44S  COO 

0.328 

1.76 

207  916 

6.02  x  1C6 

0.034 

2/PWA/4 

45 

80* 

14.06 

30 

18  000 

0.002 

12.71 

4  160 

23  900 

0.174 

11.22 

11  454 

33  900 

0.337 

1 

9.95 

29  222 

47  500 

0.615 

1.94 

0.391 

7.07 

65  337 

123  000 

0.529 

4.45 

115  904 

450  000 

0.251 

1.75 

163  930 

6.12  x  106 

0.027 

2/PWA/5 

3 

80* 

11.72 

45 

30  000 

0.001 

10.44 

6  240 

41  500 

0.150 

9.20 

17  536 

59  000 

0.296 

8.14 

44  828 

83  200 

0.53? 

1.71 

0.601 

5.86 

100  735 

208  000 

0.483 

3.60 

178  350 

814  000 

0.219 

1.36 

251  880 

1.24  x  106 

0.020 

2PWA/6 

24 

100* 

9.76 

93 

50  100 

0.002 

8.78 

12  896 

67  300 

0.191 

7.81 

35  774 

93  400 

0.383 

6.83 

91  822 

136  000 

0.676 

2.25 

1.252 

5.00 

207  000 

325  000 

0.637 

3.18 

368  590 

1.15  x  106 

0.320 

1.30 

520  552 

14.0 x  10b 

0.037 

2/PWA/7 

2 

70* 

9.71 

99 

50  800 

0.002 

8.73 

13  728 

68  400 

0.201 

7.'77 

38  082 

91  800 

0.402 

6.79 

97  8  99 

138  000 

0.709 

2.35 

1.321 

4.91 

220  993 

332  000 

0.665 

2.16 

392  370 

14.3  x  106 

0.039 

>  32 
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TABLE  IB.  (Continued). 


Specimen 

30. 

Failure  at: 

Stress 

range 

tonl/inc 

No.  of 
cycles 

at  stress 

n 

Cycles  to 

cause 

failure  at 

stress  N 

X 

~N 

Total 
cycles 
x  106 

Stage 

DO. 

Load 

level 

2/PWA/S 

2 

70S 

6.93 

13S 

130  000 

0.001 

6.30 

19  136 

170  000 

0.112 

5.62 

53  084 

234  000 

0.226 

4.99 

136  530 

327  COG 

0.418 

1.45 

1.841 

3.74 

307  S4S 

732  000 

0.421 

2.44 

54  6  940 

2.41  x  106 

0.226 

1.21 

772  432 

17.2  x  10° 

0.045 

2/PWA/9 

20 

30* 

5.62 

235 

234  000 

0.001 

5.22 

32  550 

288  000 

0.113 

4.70 

90  41S 

386  000 

0.233 

4.15 

232  193 

547  000 

0.424 

1.51 

3.135 

3.16 

523  961 

1.17  x  106 

0.447 

2.12 

931  867 

3.58  x  106 

0.260 

0.88 

1.316  x  106 

41.8  x  106 

0.031 

2/PWA/10 

16 

5(K 

4.78 

469 

369  000 

0.001 

4.29 

64  998 

499  000 

0.13C 

3.82 

180  430 

690  000 

0.261 

3.43 

463  229 

932  000 

0.497 

1.79 

6.249 

2.64 

1.044  x  106 

1.94  x  106 

0.538 

1.77 

1.8S6  x  106 

5.93  x  106 

0.313 

0.81 

2.624  x  106 

52.7  x  106 

0.050 

TABLE  14. 

Rrogrammed  test  results  for  welded  specimens  of  H48  using  randomised  programme  (progra 

mme  11. 

o 

II 

c£ 

Specimen 

no. 

Failure  at: 

Stress 

No.  of 
cycles 

at  stress 

n 

Cycles  to 

Total 

Stage 

no. 

Load 

level 

range 

tonf/in^ 

cause 

failure  at 

stress  N 

n 

N 

rJL 

N 

cycles 
x  106 

2/PWll/l 

41 

70* 

17.22 

9 

4  410 

0.002 

15.73 

1  142 

5  680 

0.202 

14.12 

12.45 

3  388 

8  140 

7  670 

10  900 

0.442 

0.749 

2.37 

0.112 

8.99 

16  526 

27  000 

0.614 

5.55 

34  146 

103  000 

0.330 

2.11 

48  369 

1.53  x  106 

0.032 

2/PW11/2 

*1 

70* 

15.16 

18 

6  290 

0.003 

13.84 

2  390 

8  110 

0.295 

12.26 

6  595 

11  400 

0.580 

10.83 

17  064 

16  100 

1.062 

3.45 

0.232 

7.89 

36  566 

38  800 

0,944 

5.06 

69  816 

134  000 

0.521 

1.84 

98  736 

2.24  x  106 

0.044 

33 
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TABLE  i4.  {Continued). 


Specimen 

no. 

Failure  at: 

Stress 

range 

tonf/in 

No.  of 
cycles 

at  stress 

n 

Cycles  to 

cause 

failure  at 

stress  N 

N 

v  £ 

"N 

Total 

cycles 

xlO6 

Stage 

no* 

Load 

level 

2/PW11/3 

38 

70% 

12.92 

30 

9  820 

0.003 

11.84 

4  054 

12  500 

0.324 

10.58 

11  211 

17  100 

0.654 

9.22 

28  756 

25  100 

1.143 

3.77 

0.338 

6.72 

62  558 

60  600 

1.032 

4.31 

117  376 

209  000 

0.562 

1.62 

163  476 

3.19  x  10J 

0.051 

2/PW11/4 

35 

70% 

12.01 

45 

12  000 

0.004 

10.89 

6  134 

15  800 

0.387 

9.52 

16  981 

23  000 

0.733 

8.41 

43  055 

32  500 

1.328 

4.52 

0.587 

6.31 

95  958 

72  300 

1.328 

4.00 

175  378 

257  000 

0.682 

1.44 

247  421 

4.43  x  106 

0.056 

2/PWU/5 

27 

90% 

9.50 

S9 

23  100 

0.003 

8.70 

8  149 

29  600 

0.276 

7.72 

22  751 

41  200 

0.552 

6.82 

57  058 

58  200 

0.959 

3.43 

0.781 

5.17 

129  358 

126  000 

1.026 

3.37 

231  822 

415  000 

0.558 

1.30 

329  376 

5.90  x  106 

0.0S6 

2/PW11/6 

27 

90% 

7.47 

110 

45  200 

0.002 

6.77 

15  241 

59  400 

0.257 

6.05 

42  369 

81  300 

0.528 

5.37 

107  429 

113  000 

0.949 

3.42 

1.461 

4.16 

242  918 

231  000 

1.051 

2.70 

433  952 

769  000 

0.576 

1.11 

614  425 

9.16  x  106 

0.067 

2/PW11/7 

32 

70 % 

5.64 

266 

98  900 

0.003 

5.10 

36  918 

131  000 

0.280 

4.53 

102  377 

182  000 

0.558 

3.75 

3.544 

4,05 

262  222 

249  000 

1.052 

3.08 

590  278 

533  000 

1.102 

2.08 

1.055  x  106 

1.59 x  106 

0.656 

0.93 

1.489  x  106 

i5.0 x  106 

0.098 

2/PW11/8 

3 

S0% 

4.81 

462 

154  000 

0.003 

4.26 

64  064 

216  000 

0.297 

3.78 

177  944 

301  000 

0.591 

3.93 

6.162 

3.34 

456  302 

426  000 

1.073 

2.56 

1.029  x  106 

893  000 

1.152 

1.73 

1.833  x  106 

2.66  x  106 

0.689 

0.82 

2.586  x  106 

21.3  x  106 

0.122 
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TABLE  IS.  Results  of  tests  with  Programmes  6-10  (parallel  to  constant  amplitude  S-N  curve)  on  welded  specimens  of  H4S 


Programme 

ao. 

Programme 

details 

Specimen 

no. 

100*  stress 

level 

tonf/in^ 

Endurance 

programmes 

;  IT 

N 

5 

Complete 

2/PW6/1 

16.0 

306 

2.9S 

2/PVV6/2 

15.4 

314 

2.73 

2/PVV6/3 

15.0 

663 

5.39 

2/PW6/4 

14.3 

529 

3.74 

2/PW6/5 

13.0 

627 

s.37 

2/PW6/6 

12.0 

S49 

•i.  10 

Mean  3.72 

7 

No  1005 i  stress 

2/IAV7/1 

16.1 

246 

2.25 

level 

2/PW7/2 

15.8 

26S 

2.33 

2/PW7/3 

1S.S 

430 

3.73 

2/PW7/4 

13.8 

345 

2.09 

2/PW7/5 

11.7 

596 

2,05 

Mean  2.49 

8 

No  100*  or  90* 

2/PU'8/l 

15.6 

287 

2.30 

stress  levels 

2/PW8/2 

15.0 

270 

2.02 

2/PVV8/3 

15.0 

302 

2.26 

2/PW8/4 

13.4 

478 

2.62 

2/PVV8/5 

11.9 

1  128 

4.52 

Mean  2.74 

9 

No  10*  stress  level 

2/PVV9/1 

12.0 

573 

1.67 

10 

No  10*  or  20* 

2/PVV10/1 

15.1 

111 

0.47 

stress  levels 

2/PVV10/2 

15.0 

168 

0.69 

2/PVV10/3 

12.8 

291 

0.95 

2/PW10/4 

12.8 

267 

0.71 

2/PVV10/5 

11.8 

625 

1.31 

Mean  0.83 

— 
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Fig.2.  Quadratic  spectrum  on  which  programmes  t  to  5  and  7  were  based. 
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F ig.  !4.  Results  c!  prcg-ummed  fatigue  tests  'Programme  U  oo  welded  spri  'mens  ot  0.’4i>. 
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Fig.  10.  ■  T.  plottea  against  maximum  stress  range  <or  notcnec  specimens. 
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rij.Cb.  Fracture  surface  of  welded  fatigue  specimen  tested  under  programmed  loading. 
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Fig.C6.  Sketch  showing  the  positions  of  the  dark  fracture  surface  markings  in  relation  to  the  applied 
loading  programme. 


Fig.C T.  Plan  view  ol  st-'otions  on  fracture  surface  of  a  programme  loaded  welded  specimen,  x  -iso. 


Fig.C9.  FaUgue  structures  and  sub-striations  in  AI:Zn:Mg  adoy  seen 
through  the  scanning  electron  microscope,  x  9500. 
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